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The  Health  Physics- Process  Control  Reference  Manual  is  designed 
for  use  by  the  Plant  Process  Control  Specialists.  It  contains  health  physics 
and  water  chemistry  procedures  for  guidance  in  plant  operation.  Although 
this  Manual  cannot  give  detailed  recommendations,  necessary  and  siifficient 
for  all  conditions,  it  is  planned  to  give  the  general  recommendations  suit¬ 
able  for  typical  plant  use^  In  the  section  following  the  Introduction,  a 
Nomenclature  is  presented  to  familiarize  the  Control  Specialists  with  terms 
applicable  to  these  health  physics  and  water  chemistry  procedures. 

Part  I  ot  the  Health  Physics-Process  Control  Reference  Manual  pre¬ 
sents  health  physics  procedures,  as  well  as  rao. ©chemical  analyses  for 
health  physics  operations.  Contained  in  this  Section  are  standards  of  health 
and  safety  necessary  in  the  operation  of  nuclear  reactors.  These  standards 
include  personnel  monitoring  and  access  control,  radioactive  materials  con¬ 
trol  and  waste  management,  decontamination,  radiologica'  monitoring,  and 
health  physics  and  radiochemistry  instrumentation. 

Part  II  of  this  Manual  contains  general  chemical  procedures  for  ana¬ 
lyzing  the  water  in  the  Primary,  Shield  Water,  and  Secondary  Systems.  This 
water  impurity  control  prevents  equipment  corrosion,  thus  serving  to  pro- 
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reduce  maintenance  time. 

Health  Physics-Process  Control  Reference  Manual  should  prove 
beneficial  to  the  Plant  Process  Control  Specialists.  Although  all  problems 
that  will  occur  have  not  been  anticipated,  this  Manual  should  greatly  supple¬ 
ment  the  training  and  experience  of  the  Control  Specialists  to  aid  them  in 
con,;rolling  any  disturbance  that  might  arise. 


viii 


1  July  1966 


Health  Physics- 
Process  Control 


NOMENCLATURE 

Airborne  Radioactivity  Area.  Any  room  inclosure,  or  operating 
area  in  which  airborne  radioac;ive  materials  exist  in  concentrations 

exceeding  10%  of  the  amounts  specified  in  Appendix  B,  Table  I, 

Column  I  of  10  CFR  20  or  M.P.C.  derived  therefrom. 

Bremsstrahlung.  Secondary  photon  radiation  produced  by 
deceleration  of  charged  particles  passing  through  matter. 

Byproduct  Material.  Any  radioactive  material  (except  special 
nuclear  material)  yielded  in,  or  made  radioactive  by,  exposure  to 
the  radiation  incident  to  the  process  of  producing  or  utilizing 
special  nuclear  material. 

Collision.  Encounter  between  two  sub  atomic  particles 
(including  photons)  that  changes  the  existing  momentum  and  energy 
conditions.  The  products  of  the  collision  need  not  be  the  same  as 
thosp  of  the  initial  systems. 

Compton  effect.  An  attentuation  process  observed  for  X-ray  or 
gamma-ray  radiation  in  which  an  incident  photon  interacts  with  an 
orbital  electron  of  an  atom  to  produce  a  recoil  electron  and  a 
scattered  photon  having  energy  less  than  the  incident  photon. 

Consignee.  The  person  or  party  to  whom  merchandise  is  formally 
delivered. 

Elastic  Collision.  A  collision  in  which  there  is  no  change 

either  in  the  internal  energy  of  each  participating  system  or  in 
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the  sum  of  their  kinetic  energies  of  translation. 

Half-value  layer  (half  thickness).  The  thickness  of  any  particular 
material  necessary  to  reduce  the  dose  rate  of  an  X-ray  or  gamma  ray 
beam  to  one-half  its  original  value. 

High  Radiation  Area.  Any  area  accessible  to  personnel  in 
which  there  exists  radiation  at  such  levels  that  a  major  portion 
of  the  body  could  receive,  in  any  one  hour,  a  dose  in  excess  of 
100  millirem. 

Inelastic  Collision.  A  collision  in  which  there  are  changes 
both  in  the  internal  energy  of  one  or  more  of  the  colliding  systems 
and  in  the  sums  of  the  kinetic  energies  of  translation  before  and 
after  the  collision, 

Pair  Production.  An  absorption  process  for  X-ray  and  gamma- 
radiation  in  which  the  incident  photon  is  annihilated  in  the  vicinity 
of  the  nucleus  of  the  absorbing  atom  with  subsequent  production  of 
an  electron  and  positron  pair.  This  reaction  only  occurs  for 
incident  photon  energies  exceeding  1.02  Mev. 

Personal  dosimeter.  One  dosimeter  is  issued  to  an  individual 
on  a  permanent  (long-term)  basis  for  his  exclusive  use.  A  personal 
dosimeter  is  generally  low-range  (200  millirem). 

Photoelectric  effect.  A  process  by  which  a  photon  ejects 
an  electron  from  an  atom.  All  the  energy  of  the  photon  is  absorbed 
in  ejecting  the  electron  and  impartirg  kinetic  energy  to  it. 
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Photon.  A  quantity  of  electromagnetic  energy  (ergs)  whose  val- 

is  the  product  of  its  frequency  (cps)  and  Planck's  Constant. 

The  equation  is  E.=  hv. 

Planck's  Constant.  A  natural  constant  of  proportionality 

(h)  relating  the  frequency  of  a  quantum  of  energy  to  the  total 
energy  of  the  quantum. 

h=E/V  =  6.624  X  10"27  erg-sec. 

Radiation  Area.  Any  area  accessible  to  personnel  in  which 
there  exists  radiation,  at  such  levels  tnat  a  major  portion  of  the 
body  could  receive,  in  any  one  hour,  a  dose  in  excess  of  five 
millirem  or,  in  any  five  consecutive  days,  a  dose  of  100  millirem. 

Radioactive  Materials  Area.  Any  area  where  radioactive  materials 
are  stored  in  quantities  greater  than  ten  times  the  limit  specified 
in  Appendix  C  of  10  CFR  20,  or  where  natural  uranium  or  thorium 
is  used  or  stored  in  excess  of  5000  microcuries. 

Sealed  Source.  Any  radioactive  material  that  is  encased  in 
a  capsule  designed  to  prevent  leakage  or  escape  of  the  byproduct 
material. 

Source  Material.  (!)  Uranium,  thoriuui;  or  any  combination 
thereof,  in  any  physical  or  chemical  form  or  (2)  ores  that  con¬ 
tain  by  weight  one  twentieth  of  one  percent  (0.05%)  or  more  of 

(i)  uranium,  (ii)  thorium,  or  (iii)  any  combination  thereof.  Source 
material  does  not  include  special  nuclear  material. 
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Special  Kuclear  Material.  (1)  Plutonium  uranium  233, 
uranium  enriched  in  the  isotope  233,  or  in  the  isotope  235,  and 
any  other  material  which  the  Commission,  pursuant  to  the  provisions 
on  Section  51  of  the  Atomic  Energy  Act  of  1954,  determines  to  be 
special  nuclear  material,  but  does  not  include  source  material; 
or  (2)  any  material  artificially  enriched  by  any  of  the  foregoing, 
but  does  not  include  source  material. 

Storage  Container.  A  device  in  which  sources  are  transported 
and  stored. 

Surface  Contamination  Area.  Any  location  in  which  loose 
radioactive  materials  are  present  and  the  possibility  of  personal 
contamination  in  excess  of  applicable  limits  specified  by  applicable 
plant  documents  exists. 

Tenth- value  layer.  The  thickness  of  any  particular  material 
necessary  to  reduce  the  dose  rate  of  an  X-ray  or  garma  ray  beam 
to  one-tenth  of  its  original  value. 


xii 


1  July  1966 


1 


Health  Hiysics- 
Proce  ss  -  Control 

HEALTH  PHYSICS  AND  RADIOCHEMISTRY 
This  section  contains  health  and  safety  standards  necessary  in 
Plant  operation.  These  standards  include  personnel  monitoring  and 
access  control,  radioactive  materials  control  and  waste  management, 
decontamination,  radiolog^csj  monitoring,  health  {diysics  and  radiochemistry 
instrumentation,  and  radiochemical  analyses  for  heatlh  physics  operatiou. 

SECTION  100  -  PERSONNEL  MONITORING 
The  monitoring  of  personnel  with  respect  to  incident  radiation 
is  achieved  by  the  use  of  film  badges  and  pocket  dosimeters.  In  general, 
each  individual  is  responsible  for  monitoring  himself  against  contamination. 

The  monitoring  equipment  should  be  checked  as  often  as  dictated  by  the 
possibility  of  their  becoming  contaminated.  The  Methods  utilized  in 
personnel  monitoring  are  presented  on  the  following  pages. 
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METHOD  111 

ISSUANCE  AND  EXCHANGE  OF  FILM  BADGES 

1.  SCOPE 

Tnis  method  contains  procedures  for  the  issuance  and 
exchange  of  film  badges. 

2.  SAMPLE 

Not  applicable. 

3.  APPARATUS 

Beta-gamma  film  holders. 

Neutron  film  holders. 

Stainless  steel  film  holders  (in  lieu  of  Items  1  and  2). 
Wrist  badges. 

Ring  badges. 

Beta-ganna  film  packets  (of  current  monitoring  period) , 
Neutron  film  packets  (of  current  monitoring  period) . 

Key  for  unloading  film  packets  from  holders  1  and  2. 
Low  range,  beta-gamma  survey  instrument  with  side-or  end- 
window  Geiger-Mueller  probe. 

Record  forms  and  data  sheets, 

4.  PROCEDURE 

4.1  Stock  of  Film  Packets  and  Holders  (See  Reference  1  in 
Reference  Section), 
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4.2  Issuance.  Issue  the  appropriate  types  of  film 
badges  in  accordance  with  criteria  specified  in 
the  plant  technical  manual,  as  specified  on  the  applicable  Radia¬ 
tion  Work  Pensit  (RWP),  as  indicated  by  the  radiological  condition 
concerned  or  to  replace  a  lost  or  damaged  badge. 

NOTE 

Neutron,  wrist,  and  ring  badges  are  used 
normally  to  supplement  (not  to  replace) 
the  beta-gamma,  whole-body-type  film 
badge. 

4.2.1  Obtain  from  stock  a  film  holder  (or  badge) 
of  the  appropriate  type.  Visually  inspect 

holder  (or  badge)  to  assure  that  it  is  in  good  condition.  Note 
serial  number  and  record  it. 

4.2.2  Obtain  from  stock  for  current  monitoring 
period,  the  fresh  film  packet  of  the  appro¬ 
priate  type  (beta-gamma  or  neutron)  and  whose  serial  number  is  the 
same  as  that  of  the  film  holder.  (Normally,  film  holders  will  be 
given  a  code  number  which  matches  a  code  number  used  on  film  packet.) 

If  holder  and  packet  numbers  do  not  match,  record  both  serial 
numbers . 

4.2.3  Load  film  in  holder  in  accordance  with 
standardized  procedure,  following  the  specific 
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loading  instructions  furnished  by  the  Ariny  Depot.  For  stainless- 
steel  badge,  insert  film  so  that  the  front  (side  without  flap) 
of  the  packet  faces  front  of  holder  and  so  that  it  is  oriented 
in  the  standard  manner  (e.g.  having  the  serial  number  on  the 
packet  appearing  on  the  front  top  of  holder) . 

4.2.4  Fill  out  appropriate  record  of  issuance  as 
specified  in  the  plant  technical  manual  and 
which  includes  the  following  information: 

(a)  Individual  to  whom  badge  is  issued; 
complete  name  (last,  first,  middle  initial); 

rank  or  title;  service  or  organization;  Social  Security  Nxunber; 
date  of  birth.  For  visitors,  also  record  employer’s  name  and 
address . 

(b)  Film  holder  (or  badge)  serial  number  and 
type;  also,  film  pa-'ket  serial  number, 

if  different. 


(c)  Date  issued. 

4.2.5  When  an  individual  first  draws  a  film  badge, 
brief  him  on  the  policy  and  procedures  con¬ 
cerning  wearing  of  the  particular  type(s)  of  film  badges  issued 
to  him,  in  accordance  with  the  plant  technical  manual.  Instruct 


individual  on  where  and  how  to  fasten  badgeCs)  to  his  clothing,  use 


of  film  badge  boards  (if  used),  and  reporting  lost  or  coataminated 
film  badges  and  suspected  over-exposure  which  require  that  film  badge 
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be  immediately  processed.  Also  inform  him  of  other  personnel 
dosimetric  devices  available. 

4.. 2.6  If  issuance  is  to  replace  a  lost  film  badge 
or  other  damaged  film  packet,  proceed  with 

the  steps  in  4.6. 

4.3  Exchange  of  Film  Packets  and  Special  Badges.  Routinely 
exchange  film  packets  and  special  Radges  at  <^nd  of 
each  monitoring  period,  as  established  in  the  plant  technical 
manual. Also  exchange  film  packets  and  special  badges  in  accordance 

with  criteria  (e.g.  off-scale  dosimeter  reading)  specified  in  the 
plant  technical  manual  as  specified  in  applicable  Radiation  Work 
Permit,  as  Indicated  by  the  radiological  condition  concerned,  or  to 
replace  a  damaged  film  packet  or  special  badge. 

4.3.1  Check  film  badge  for  beta-gamma  contamination 
prior  to  removing  film  packet (s)  from  holder. 

If  badge  is  found  to  be  contaminated,  follow  steps  4.5  below. 

4^3.2  Remove  film  packet  from  holder  in  accordance 
with  procedures  applicable  to  that  type 

holder. 


NOTE 

Do  not  remove  film  from  ring  badges  as 
the  ring  itself  is  the  lightproof  cover. 

4.3.3  Load  fresh  film  packet  (of  appropriate  moni¬ 
toring  period)  in  holder,  in  accordance  with 


o 

o 

o 

o 
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step  4.2.3  above.  Check  serial  numbers  in  accordance  with  4.2.2. 

4.3.4  Flecord  on  appropriate  forms  or  data  sheets 
the  serial  numbers  of  the  used  film  packets 

(or  special  badges)  collected  and  the  serial  number  of  the  fresh 
packet  (or  special  badges).  Record  serial  number  of  holder,  if 
different,  from  film  packet.  Also  enter  on  form  or  data  sheet 
the  date  of  the  exchange. 

4.3.5  Store  collected  film  packets  and  special  film 
meters  in  designated  location  until  ready  to 

be  processed  (in-plant)  or  shipped  to  appropriate  Army  Depot  for 
processing,  as  applicabla, 

4.3.6  As  applicable,  ship  collected  film  packets 
and  special  badges  to  appropriate  Army  Depot 

for  processing  (See  Reference  6.1),  or  process  them  according  to 
Methods  of  Subsection  130. 

4.3.7  If  exchange  was  to  replace  a  damaged  film 


packet  or  special  badge,  proceed  with  the 


steps  in  4.6. 


4.4  Contamination  Check. 

4.4.1  Check  film  badges  for  both  fixed  and  loose 
contamination  by  means  of  a  survey  instrument  or  lab  monitor 
having  a  side-or-end-window  G.  M.  probe  with  a  window  thickness 
not  greater  than  30  mg/cm^  (See  Method  512)  and  according  to  the 
following  schedule; 
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(a)  Film  badges  in  use  check  as  often  as 
dictated  by  the  possibility  of  their  be¬ 
coming  contaminated.  Report  positive  finding  to  health  physics 
personnel  immediately  and  proceed  with  the  stepsin  4,5  below. 

(b)  All  film  badges  check  at  ti^^e  of  exchange 
of  packets  or  of  collection  for  processing. 

If  badge  is  found  to  be  contaminated,  proceed  with  steps  in  4.5 
below. 

4.5  Contaminated  Film  Badge 

4.5.1  Immediately  monitor  the  wearer,  his  clothing, 
film  badge  board,  etc.  for  contamination 

in  accordance  with  Methods  530  and  512,  Investigate  to  determine 
cause  and  date  of  occurrence.  On  the  basis  of  findings,  carry 
out  n'-cessary  monitoring  functions  ‘.n  accordance  with  Method  531, 

to  determine  source  of  contamination  and  extent  of  its  spread. 

4.5.2  Place  contaminated  badge  in  polyethylene  bag 

Issue  the  wearer,  in  accordance  with  the 
steps  in  4.2  above,  a  new  badge  containing  fresh  film, 

4.5.3  Handle  contaminated  film  badge  in  accordance 
with  radiological  safety  procedures  applicable 

to  the  level  of  contamination  involved.  See  Section  200. 

4.5.4  Remove  film  packet(s)  from  holder  as  soon  as 
possible.  Set  asior  film  holder  for  decon- 
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tamination  according  to  procedures  in  Section  300,  or  dispose  of 
holder  as  radioactive  waste,  as  appropriate. 

4.5.5  Check  film  packet(s)  separately  for  contami¬ 
nation  in  accordance  with  Method  512.  Record 

data  obtained.  If  level  of  contamination  of  film  packets  is  low  or 
non-detectable,  count  individual  film  packets  in  the  counting  room 
end-window  G.M.  counter,  in  accordance  with  procedures  of  Method 
631.1;  and  record  results  in  "dpra."  If  results  of  counting  room 
check  are  negative,  treat  packet  as  clean.  If  packet  is  contami¬ 
nated,  proceed  as  follows: 

4.5.6  Determined  on  the  basis  of  particulars  involved 
whether  the  film  packets  concerned  are  to  be; 

(a)  immediately  processed;  (b)  held  for  possible  processing  at 
later  date;  or  (c)  disposed  of  as  radioactive  waste.  If  choice  is 
(a)  or  (b),  proceed  as  follows. 

4.5.7  Place  packet(s)  in  envelope  on  which  the  following 
information  and  data  have  been  entered:  "Con¬ 
taminated  Film  Packet(s)";  type  film  packets;  serial  number  of 
packet (s);  inclusive  dates  of  use;  name  of  wearer;  identification 

of  contaminant  (if  known);  and  levels  of  contamination  as  determined 
in  4.5.5  above. 


NOTE 

Do  not  lick  envelope  to  seal.  Keep 
envelope  apart  from  other  film  packets. 


111-7 


1  July  1966 


4 


r. 

'  \ 


Health  Physics- 
Process  Control 

4.5,8  Inform  appropriate  Army  Depot  directly  of  level 
of  contamination  of  packet (s)  concerned.  Pro¬ 
ceed  in  accordance  with  instructions.  See  Method  231  for  shipping 
requirements. 

4.6  Lost  or  Damaged  Film  Badges  or  Packets 

4.6.1  Immediately  issue  wearer  a  new  badge  or  a 
replacement  film  .xet  as  applicable,  in 

accordance  with  the  steps  in  4.2  and  in  4.3  respectively. 

4.6.2  Estimate  the  dose  received  by  wearer  during 
monitoring  period  concerned,  on  the  basis  of  his 

corresponding  dosimeter  data  from  known  exposure  records  of  co¬ 
workers  similarly  exposed,  and  from  other  pertinent  data  known  or 
obtained.  Obtain  concurrence  of  estimated  dose  from  wearer. 

4.6.3  Enter  estimated  dose  in  applicable  form,  desig¬ 
nate  entry  as  an  "estimate,"  and  indicate 

basis  of  estimate  (e.g.  pocket  dosimeter  data).  Keep  record  of 
estimate. 

4.7  Records.  Maintain  records  of  issuance  and  exchange 

of  film  budges,  such  as  the  identity  of  the  wearer  and 
the  monitoring  (wearing)  period  of  e?'h  specific  film  packet  and 
special  film  badge. 

5.  RESULTS  AND  COMPUTATIONS 

Not  applicable. 

6.  TEST  METHOD  IMPLEMENTATION 
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6.1  The  olant  technical  manual  specifier: 

a.  Policy  concerning  issuance  of  film  badges,  for 
conformance  with  Reference  (2)  of  Reference 

Section. 

b.  Routine  film  badge  monitoring  (wearing)  period. 

c.  Criteria  for  non-routine  exchanging  and  processing 
of  film  packets. 

6.2  See  References  (1)  and  (2)  of  Reference  Section, 


0 


111-9 


1  July  1966 


Health  Physics- 
Proces^;  Control 


METHOD  121 


PHOTODOSIMETRY  FACILITY  —  CENERAL  OPERATIONS 


1 .  SCOPE 

This  method  contains  procedures  concerning  (a)  storage, 
identification,  and  exchange  of  film  packets;  (b)  set¬ 
ting  up  of  densitometer  and  microscope;  (c)  storage  of  processed 
films;  and  (d)  photodosimetry  record  files.  Procedures  concerning 
the  setting  up  of  the  darkroom  and  the  calibration  facility  are 
contained  in  Methods  122  and  123,  respectively. 


2.  SAMPLE 


Not  applicable. 


3.  APPARATUS 


Refrigerator. 

Film  identification  devices. 


Densitometer. 


Microscope  and  attachments. 

Containers  for  storage  of  processed  films. 


Record  files. 


4.  PROCEDURES 


Storage  of  Film  Packets 

4.1.1  Store  stock  of  film  packets  in  a  refrigerator, 

preferably  one  used  exclusively  for  this  purpose. 
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4. 1.1.1  Locate  refrigerator  in  an  area 
removed  from  possible  stray  radiation. 

4. 1.1. 2  Set  refrigerator  to  operate  at  about 
50*F  (10“C).  Do  not  operate  below 


4. 1.1.3  Check  relative  humidity  in  the 
refrigerator.  If  it  is  above  50% 

place  in  moisture-proof  bags  all  open  packages  if  the  film  packets 
are  not  individually  moisture-proofed. 

4. 1.1.4  Do  not  store  chemicals  in  refrigerator. 

4. 1.1.5  Maintain  refrigerator  in  a  clean 
condition,  defrost  it  when  necessary, 

and  service  it  in  accordance  with  manufacturer's  instrjctions, 

4.1.2  Assure  that  all  films  which  have  been  obtained 
for  use  in  a  specific  monitoTing  period  are  of 

the  same  emulsion  batch.  Mark  the  date  of  receipt  on  outside  of  film 
packet  packages,  to  simplify  segregation  of  package?  by  emulsion 
batches.  Use  of  different  color  marking  pencils  will  aid  in  this. 

4.1.3  Do  not  open  packages  until  film  packets  are 
needed. 

4.1.4  Assure  that  film-packet  packages  which  are  kept 
outside  of  refrigerator  are  stored  in  a  cool, 

dry,  and  radiation-  free  location,  away  from  such  gases  as  airanonia, 
formalin  vapors,  hydrogen  peroxide,  and  hydrogen  sulfide. 
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4.1.5  Inspect  the  condition  of  the  films  in  stock 

by  periodically  processing,  along  with  a  routine 
monitoring  film  batch,  a  film  packet  taken  directly  from  stock.  This 
will  test  for  possible  spoilage  due  to  temperature,  humidity,  fumes, 
and  aging,  and  to  fogging  due  to  accidental  exposure. 

4.2  Identification  of  Film  Packets 

4.2.1  Select  the  identification  system  and  device 

to  use.  The  minimum  identification  required  is 
the  serial  number  to  identify  the  film  wearer  (or  location  of  use, 
for  area-monitoring  badges).  Other  markings  may  include  identi¬ 
fication  codes  for  the  plant  nd  for  the  specific  monitoring  periods. 
Two  general  methods  are  used  for  Identifying  the  films  in  a  given 
packet;  (a)  pressure  marking  the  identifying  serial  number  by 
Beans  of  a  percussion  press,  and  (b)  marking  such  numbers  by  means 
of  low  energy  (30  KVP  or  less)  X-rays. 

4.2.2  Locate  the  film  identification  device  in  an 
appropriate  location.  A  percussion  press  is 

best  located  in  the  film  badge  loading  area.  An  X-ray  device  will 
have  to  be  located  on  the  basis  of  the  radiological  safety  require¬ 
ments  associated  with  the  use  of  the  particular  device  concerned, 

4.2.3  Assure,  by  actual  testing,  that  the  identifi¬ 
cation  device  does  not  damage  the  film  or  produce  undesirable  effects 

on  the  film.  Specifically,  the  effects  of  pressure  (or  X-rays) 
should  be  solely  in  producing  the  identification  numbers.  Pressure 

(or  X-rays)  on  the  usable  portion  of  the  film  will  produce  darkening. 
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NOTE 

In  using  an  identification  X-ray  machine 
care  must  be  exercised  to  prevent  possible 
exposure  of  film  packets  which  have  just 
been  identified  or  which  are  awaiting 
identification.  The  dose  rates  in  such 
locations  should  be  checked  with  appro¬ 
priate  type  survey  instruments  and  by 
actual  testing  with  film  packets. 

4.2.4  Use  the  identification  device  in  accordance 
with  the  specific  instructions  of  the 

manufacturer. 

4.2.5  Follow  manufacturer’s  instruction  for  the  care 
and  maintenance  of  the  device. 

4,3  Exchange  of  Film  Packets,  This  section  concerns 

operations  whereby  film  badges  are  collected  at  the  end 
of  a  monitoring  period  and  are  brought  to  a  processing  area  for 
exchanging  film  packets. 

4.3.1  Work  Area 

4. 3. 1.1  Select  a  clean  work  table  area  for 
exchanging  film  packets.  Choose  the 
physical  location  of  area  in  relationship  to  other  associated  photo¬ 
dosimetry  facilities,  for  ease  and  efficiency  of  operations. 
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4. 3. 1.2  Rig  device  for  opening  the  film 
badges  if  required  or  desirable. 

4.3.2  Preparation  of  Fresh  Film  Packets 

4. 3. 2.1  Assure  that  all  film  packets  are  of 
the  same  emulsion  batch,  and  that 

there  remains  in  stock  a  sufficient  number  of  packets  of  this  same 
emulsion  batch  for  the  calibration  set(s),  controls,  and  additional 
monitoring  requirements  anticipated  for  the  monitoring  period. 

4. 3. 2. 2  Stamp,  or  mark,  on  each  film  packet 


toring  period. 


the  starting  date  of  the  new  moni- 


4.3. 2.3  Mark,  with  pencil,  the  identifying 
film  badge  serial  number  on  each 


film  packet  if  the  film  packets  already  have  pressure  markings  which 
are  different  from  the  corresponding  film  badge  serial  numbers;  or 
if  the  film  packets  are  to  be  identified  by  means  of  X-rays. 


4. 3. 2. 4  Use  available  identification  device 


in  accordance  with  manufacturer's 


instructions  to  mark  the  film(s)  in  each  film  packet  with  the 
appropriate  serial  number  and  any  other  identifying  marks  required. 


If  identification  of  film  is  done  by  means 
of  X-raying,  the  packets  in  their  appropriate 
holders,  this  marking  step  is  done  following 
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loading.  See  step  4. 3. 3. 4. 

4. 3. 2. 5  Arrange  film  packets  in  numerical 
order,  to  facilitate  exchange 

4.3.3  Exchange  Operations 

4.3.3,!  Assemble  collected  film  badges  at 
film  exchange  area.  If  badges  are 

not  monitored  for  contaiulnatlon  et  the  film  badge  boards,  monitor  in 
this  film  exchange  area,  before  film  packets  are  removed  from  the 
badges.  Follow  procedures  specified  in  Method  111  for  monitoring 
the  badges  and  for  handling  of  badges  found  to  be  contaminated. 

4., 3. 3. 2  Open  film  badges  and  remove  used 

film  packets.  Separate  removed  film 
packets  into  groups  by  type  (beta-gamma  and  neutrons),  and  arrange 
packets  of  each  group  in  numerical  order.  Enter  necessary  infor¬ 
mation  in  appropriate  data  sheet.  Set  aside  these  film  packet 
groups  for  processing  in  accordance  with  Method  132. 

4. 3.3.3  Insert  the  previously  prepared,  fresh 
film  packets  into  appropriate  (and 

empty)  holders.  Assure  that  each  film  packet  is  positioned  in  the 
standard  orientation. 

4. 3. 3. 4  If  film  identification  is  done  by 
means  of  X-raying  the  packets  in 

their  appropriate  holders,  carry  out  this  identification  procedure 
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next,  in  accordance  with  the  specific  instructions  prepared  for 
this  type  operation. 

4.4  Densitometer  Setup 

4.4.1  Select  a  photodosimetry  densitometer  that  has 
the  required  range.  A  density  range  of  3.0 

is  considered  adequate  for  routine  purposes.  If  the  densitometer, 
however,  is  to  be  of  use  in  the  measurement  of  films  exposed  to 
high  accidental  doses,  its  density  range  should  be  about  S.O  or 
6.0. 

4.4.2  Set  up  the  densitometer  on  a  clean  work  table, 
with  ample  area  on  both  sides  of  the  unit. 

Assure  that  air  vents  of  densitometer  are  unobstructed,  to  prevent 
overheating  of  the  unit. 

4.4.3  Determine  if  there  are  large  voltage  fluctuations 
in  the  power  line  to  be  used,  or  if  such  fluctu¬ 
ation  can  be  expected.  If  so,  install  a  voltage  stabilizer  for 

the  operation  of  the  densitometer. 

4.4.4  Establish  a  ’’production-line"  system  which  is 
best  suited  for  the  operator  to  read  films 

with  the  densitometer.  Determine  location  of  the  trays  holding  the 
films  to  be  read,  and  the  location  of  the  data  sheets  for  recording 
readings.  Maintain  at  the  densitometer  setup  an  ample  supply  of 
data  sheets,  graph  paper  (for  calibration  curves),  and  the  other 
necessary  accessories  such  as  French  curves,  straight  edge,  and 
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pencils  with  different  color  leads. 

4.4.5  Provide,  if  considered  necessary  or  desirable, 
an  illuminated  small  viewer  for  qualitatively 

inspecting  density  patterns  on  films.  Small  specks  on  a  film,  for 
exan^)le,  may  be  indicative  of  airborne  radioactvity.  Unusual  patterns 
which  may  have  been  due  to  either  contamination  of  light-leakage 
could  be  better  studied  using  such  a  viewer. 

4.4.6  Keep  standard  density  wedges  in  a  convenient  and 
protected  location  in  tho  densitometer  setup. 

Set  aside  one  of  the  wedges  to  use  only  occasionally,  and  treat 
it  as  if  it  were  a  "primary"  standard.  Use  the  other  wedge (s)  for 
operational  purposes,  as  indicated  in  Method  133. 

4.4.7  Carry  out  adjustments,  care,  and  maintenance  of 
densitometer  in  accordance  with  manufacturer's 

instruction  manual.  Follow  detailed  procedures  specified  in 
instruction  manual  for  replacing  bumed-out  light  bulbs. 

Keep  densitometer  clean.  Use  dust  cover  to  pro¬ 
tect  unit  when  it  is  not  in  use. 

4.5  Microscope 

4.5.1  Select  a  microscope  that  is  equipped  with  a 
mechanical  stage,  an  eyepiece  (lOX  wide-field) 

with  reticle,  and  a  special  small-depth  of  focus  objective  for  ob¬ 
taining  a  ma;,nification  of  approximately  1000  times  with  oil  immer¬ 
sion. 

4.5.2  Determine  applicable  criteria  for  an  appro- 
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prlate  location  for  the  microscope  and  set  it 

up  accordingly. 

NOTF. 

The  microscope  used  for  neutron 
microscopy  purposes  is  a  delicate  and 
expensive  instrument.  As  such  it  should 
not  be  moved  unnecessarily  from  one 
place  to  another.  The  location  selected 
for  its  use  should  be  considered  as  a 
relatively  fixed  one.  It  is  desirable, 

S'  although  not  essential,  to  mount  the 

microscope  on  a  microscope  desk.  Some 
criteria  for  selection  of  suitable  location 
for  the  microscope  are  based  on  whether  the 
microscopy  setup  has  a  projection  system. 

For  certain  types  of  projection  systems,  it 
may  be  necessary  for  the  setup  to  be  in  a 
dark,  or  semi-dark  room.  Also,  some  types 
of  projection  systems  generate  ozone  and  for 
satety  purposes,  provisions  must  be  made  to 
vent  it.  The  microscope  should  not  be  sub¬ 
jected  to  corrcsivo  fumes  or  vapors. 

4.5.3  Establish  a  "production  line"  system  which 
is  best  suited  for  the  scanner  who  will  use 
the  microscope  to  count  tracks  on  films  according  to  procedures 
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specified  in  Method  133.  Determine  most  efficient  locations  for  the 
trays  holding  the  films  to  be  scanned,  for  the  data  sheets  for  record¬ 
ings  readings,  and  for  the  operational  accessories  and  supplies, 
such  as  the  digital  hand  tally,  reticles,  the  oil-drop  container, 
absorbent  cotton,  lens  tissue  paper,  and  alcohol.  Maintain  ample 
stock  of  required  supplies  at  the  microscopy  setup.  Keep  a  "test" 
film  (a  processed  neutron  film  having  a  good  numbet  or  proton  recoil 
tracks)on  hand  for  qualitative  test  purposes. 

4.5.4  Assure  chair  (or  stool)  for  the  scanner  is 
appropriate  for  efficient  and  comfortable  ^ 

scanning. 

4.5.5  Maintain  adequate  number  of  spare  projection 
lamps  for  replacements  as  needed. 

4.5.6  Clean  microscope  both  before  and  after  use. 

Follow  procedures  specified  in  manufacturer's 

instruction  manual. 

4.5.7  Keep  protective  dust  cover  on  microscope  when 
not  in  use, 

4.5.8  Request  for  special  repair  services  of  quali¬ 
fied  activity,  when  required,  via  established 


channels. 

4.6 


Storage  of  Processed  Films 

4.6.1  Select  storage  area  which  is  cool,  dry,  and 
removed  from  ootenttal  fire  hazards. 
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4.6.2  Nbintain  adequate  amount  of  storage  containers. 

4.6.3  Arrange  containers  of  processed  films  chrono¬ 
logically,  by  monitoring  periods. 

4.6.4  Dispose  of  containers  of  processed  films  in 
accordance  with  applicable  plaiit  document. 

NOTE 

Films  representing  overexposures  (or  having  den¬ 
sities  which  may  have  been  overexposures,  but 
which  were  determined  to  have  been  caused  by 
light  leakage,  weathering,  etc.)  may  be 
placed  in  small  envelopes  and  inserted  in  the 
appropriate  permanent  records.  Data  entered 
on  the  outside  of  such  an  envelope  would 
include;  Name  of  monitored  person,  monitoring 
period,  film  densities  and  corresponding 
doses,  and  remarks  (brief).  If  a  written 
report  was  involved,  attach  such  an  envelope 
to  file  copy  of  report. 

4.7  Record  Files 

4.7.1  Locate  files  and  data  sheet  notebooks  in  the 
most  convenient  working  areas. 

4.7.2  Assure  records  are  kept  current,  orderly,  and 
stored  in  a  safe  place. 

4.7.3  Maintain  records  in  accordance  with  the  plant 
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5.  RESULTS  AHD  COMPUrATiaiS 
Hot  Applicable. 

6.  TEST  METHOD  IMPLEMFHTATION 

The  plant  technical  manual  specifies  policy  concerning 
storage  of  processed  personnel  monitoring  films. 

Specifically,  it  will  Indicate  criteria  and  procedures  for  the 
retention  of  orerexposure  films  as  permanent  records. 

o 
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METHOD  122 

PHOTODOSIMETRY  DARKROOM 


1.  SCOPE 

This  method  contains  procedures  concerning  the 
setting  up,  testing,  and  maintaining  of  a  photo- 
dosimetry  darkroom. 

2.  SAMPLE 

Not  applicable. 

3.  APPARATUS 

Not  applicable. 

4.  PROCEDURES 

4 . 1  Darkrmom 

4.1.1  Locate  darkroom  in  a  convenient  area  removed 
from  stray  radiation  and  from  actual  or  poten¬ 
tial  contamination  areas.  Also,  take  into  consideration  the  role  of 
the  darkroom  during  potential  nuclear  emergencies  and  incidents. 

4.1.2  Provide  darkroom  with  facilities  for  the  following 
operations: 

(a)  Preparing  film  processing 
solutions  (optional). 

(b)  Opening  film  packets. 

(c)  Placing  films  in  processing 
holders. 
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(d)  Processing  films. 

(e)  Drying  developed  film  (optionalX 

(f)  Cleaning  of  equipment  (optionalX 

(g)  Timing  operations. 

NOTE 

Facilities  marked  "optional" 
are  required  but  need  not 
be  physically  located  with¬ 
in  the  darkroom. 

4.1.3  Provide  means  for  adequately  ventilating  the 
darkroom  and  maintaining  ambient  temperature 

between  65*  and  70*F  and  relative  humidity  below  50%. 

4.1.4  Assure  darkroom  is  light-tight.  Test  for 
light-tightness  according  to  steps  4.4. 

4.1.5  Provide  physical  means  necessary  to  prevent 
accidental  admission  of  light  into  darkroom 

during  film  processing  operations. 

4 , 2  Darkroom  Equipment 

4.2.1  Ass\iTe  that  film  processing  facility  includes 
provisions  for; 

(a)  Holding  processing  solutions  used  for 
developing,  washing,  acid  bathing, 
fixing,  and  final  washing  of  films  contained  in  the  type  film  pro¬ 
cessing  holders  selected.  Tanks  should  preferably  be  made  of  stain¬ 
less  steel. 
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(b)  Maintaining  temperature  of  solutions  in 
processing  tanks  at  68"  ^  2*F  (or  20* 


♦  l"C),  during  film  processing. 


(c)  Continual  or  intermittent  mixing  of  the 
solutions  during  processing  (optional]^ 

4.2.2  Use  film  processing  holders  preferably  made  of 
stainless  steel,  specifically  suited  for  type 

films  to  be  processed. 

4.2.3  Install  safe lights  equipped  with  the  type 
light  bulb  and  filter  specifically  recommended 

as  "safe"  by  the  film  manufacturer  for  the  type  films  to  be  processed. 
Test  "safeness"  of  safelights  according  to  the  steps  in  4.5. 

4.3  Supply  of  Film  PBocessing  Chemicals 

4.3.1  Determine  types  of  chemicals  required  for 
processing  specific  types  of  film  concerned  by 

referring  to  instructions  of  film  manufacturers. 

4.3.2  Procure  and  maintain  on  hand  a  supply  of  film 
processing  chemicals  of  the  appropriate  types 

in  accordance  wj'-h  using  requirements. 

4.4  Check  of  Darkroom  for  Light-Tightness 

Carry  out  the  following  check  for  light-tight¬ 
ness  prior  to  initial  use  of  darkroom  and  at 
periodic  intervals  thereafter. 

4.4.1  Close  and  lock  darkroom  door;  turn  off  all  lights, 
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be  less  dark  than  the  uncovered  area. 

4.4.7  If  results  are  positive,  repeat  check  until 
negative  results  are  obtained. 

4.4.8  Proceed  with  testing  of  safelights. 

4.5  Check  of  Safelights 

Carry  out  the  following  check  for  the  safeness 
of  the  safelights  in  the  darkroom;  (a)  prior 
to  initial  operations;  (b)  whenever  filters  or  lightbulbs  of  a 
safelight  are  changed;  (c)  whenever  the  distance  between  exposed 
films  and  a  safelight  is  reduced;  and  (d)  whenever  the  number  of 
safelights  is  increased. 

4.5.1  Close  darkroom  door;  turn  on  safelights;  and 
turn  off  all  other  lights. 

4.5.2  Carry  out  steps  4.4.4  through  4.4.6  above. 

4.5.3  If  results  are  positive  investigate  to  determine 
cause  and  take  corrective  action.  Possible 

causes  include:  (a)  light-leakage  from  safelight  housing  (b) 
wrong  type  filter;  (c)  wrong  type  lightbulb  of  safelight;  (d)  an 
excess  numbers  of  safelights;  and  (e)  less-than-minimum  "safe" 
distance  between  safelight  and  exposed  films. 

4.6  Preparation  of  Film  Processing  Solutions 

4.6.1  Remove  used  solutions  from  the  tanks. 

4.6.2  Wash  tanks  thoroughly  with  hot  water  and  deter¬ 
gents.  Remove  any  sediments  remaining  in  bottom 
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of  tanks.  If  encrustation  or  fixed  sediment  cannot  be  removed^  allow 
a  dilute  solution  of  acetic  acid  to  remain  in  tank  overnight. 

Thoroughly  rinse  tanks  with  clean  water. 

4.6.3  Prepare  required  amount  of  each  type  of  processing 

solution  in  accordance  with  manufacturer's  instructions « 
which  are  normally  attached  to  each  container  of  the  chemicals.  Place 
appropriate  covers  on  tanks. 


NOTE 

Removal  of  the  used  solutions  from 
the  tanks  and  preparation  of  the 
fresh  ones  are  generally  done  the 
day  before  the  films  of  a  monitoring 
period  are  to  be  processed.  This  is 
done  to  assure  that  the  chemicals  in 
the  fresh  solutions  are  in  chemical 
equilibrium  before  films  are  processed 
with  them.  After  films  of  a  monitor¬ 
ing  period  are  processed,  the  tanks 
are  covered  and  the  used  solutions  are 
retained  in  the  tanks  until  removed  the 
day  prior  to  processing 
the  films  of  the  next  monitoring  period. 
During  this  in-tank  storage  interval. 
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the  solutions  may  be  used  for  pro¬ 
cessing  films  as  required,  in 
accordance:  with  Method  132. 

4.7  Maintenance  of  Darkroom. 

4.7.1  Keep  darkroom  clean,  by  means  of  conventional  good 
housekeeping  procedures. 

4.7.2  Follow  manufacturer's  instructions  for  required  pre¬ 


ventive  and  corrective  maintenance  of  darkroom 


equipment . 


4.7.3  Maintain  in  a  thoroughly  clean  and  dry  condition,  the 
work  table  surfaces  on  which  film  packets  are  handled 
and  opened  for  removal  of  filnrs  for  processing.  Contact  of  un¬ 
processed  films  with  chemicals  or  water  will  damage  or  ruin  them. 

5.  RESULTS  AND  COMPITTATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION 
Not  Applicable. 
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METHOD  123 

PHOTODOSIMETRY  CALIBRATIfiN  SETUP 


1.  SCOPE. 

This  method  contains  procedures  concerning  the  setting  up  of  a 
photodosimetry  calibration  facility  for  intermediate  energy 
gammas,  betas,  and  fast  neutrons.  Radiological  safety  aspects  are 
included.  Procedures  for  calibrating  film  badges  are  contained  in 
Method  131;  and  for  calibrating  pocket  dosimeters,  in  Method  143. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS, 

Not  Applicable. 

4.  PROCEDURES. 

4.1  Calil ration  Sources . 

4.1.1  Procure  the  following  calibration  sources  in  accor¬ 
dance  with  procedures  of  Method  241.  In  addition, 
specify  that  each  source  be  calibrated  by  the  manufacturer,  or  by  the 
NatloTial  Bureau  of  Standards  (Washington,  D.C.),  prior  to  de'ivery  to 
the  plant  and  that  the  type  calibration  certificate  indicated  below 
be  furnished  with  the  source. 

(a)  Gamma  -  one  hermetically  sealed  point  source 
(normally  a  cylindrical  capsule)  containing 


approximately  100  millicuries  of  Cesium-137  (Cs-137)  and  furnished 
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with  a  calibration  certificate  stating:  (1)  amount  (curies)  of 
Cs-137;  (2)  dose  rate  (R/hr)  at  a  distance  of  one  foot  from  source; 

and  (3)  date  of  measurement.  The  source  is  to  be  provided  with  suit¬ 
able  lead  cmtainer  for  storage  and  transfer  purposes  and  with  an 
appropriate  type  remote-handling  tool  for  safe  removal  of  source  from 
c<mtalner  and  for  siibsequent  handling  and  reinsertion  in  container. 

(b)  Beta  -  a  rectangular  slab  of  natural  uranium 
metal  in  equilibrium  with  IJXj  and  UX2  and  of  a 
minimum  thickness  of  one- fourth  inch  and  length  and  width  of  approxi¬ 
mately  8"  X  4";  one  face  of  slab  to  be  a  smooth,  plKie  surface;  slab 
to  be  contained  securely,  smooth  face  up,  in  a  rec?angul8r  box  with  a 
hinged  top  with  provisions  for  locking  it;  box  to  be  made  of  wood  or 
plastic  material  (not  of  a  metallic-material)  of  a  minimum  thickness 
of  one-half  inch;  top  (calibration  surface)  of  slab  in  the  box  to  be 
covered  with  a  smooth  plastic  sheet  of  thickness  equal  to  7  mg/cm^ 
(approximate  thickness  of  dead  layer  of  skin)  and  in  direct  contact 
with  the  surface  of  the  slab.  No  calibration  certificate  is  required 
for  natural  uranium  slab  meeting  above  specifications.  The  beta  dose 
rate  of  interest  is  that  at  contact  with  the  plane  source,  and  it  has 
a  fixed  value  for  any  large-size  natural  uranium  plane  source  of  thick- 
'.less  greater  than  the  equilibrium  thickness  (i.e.  maximum  range  of 
betas  in  the  material).  For  this  reason,  there  is  no  need  tc  determine 
the  activity  (curie4)of  the  uranium  slab.  Beta  dose  rate  at  contact 
with  such  a  slab  covered  with  a  7  mg/cm  plastic  covering  may  be 
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taken  to  be  225  millirems/hour.  For  required  record  purposes,  however, 
shipping  papers  from  manufacturer  should  state  the  total  weight  of  the 
uranium. 

(c)  Fast  Neutrons  -  one  plutonium-beryllium  (Pu-Be) 
hermetically-sealed  neutron  "point"  source 
(normally  a  cylindrical  capsule)  containing  approximately  5  curies  of 
plutofiiun  and  furnished  with  a  calibration  certificate  stating; 

(1)  neutron  emission  rate  (neutron/second) ;  (2)  amount  (curies) 

of  plutonium;  and  (3)  date  of  measurement.  The  neutron  emission  rate 
of  a  one-curie  Pu-Be  source  is  about  1.5  x  10^  neutrons  per  second. 
Source  is  to  be  provided  with  suitable  shielded  container  which  meets 
ICC  specifications  (see  Method  231)  for  storage  and  transfer  purposes; 
and  with  an  appropriate  type  remote-handling  tool  for  safe  removal  of 
source  from  its  container,  its  stfcsequent  handling,  and  reinsertion 
in  its  container. 

4.1.2  If  gamma  or  fast  neutron  calibration  sources  of  higher 
activity  are  required  and  facilities  for  their  safe 
use  exist  compute  the  approximate  activity  required  on  the  basis  of 
the  following  approximation  constants: 

(a)  Gamma  dose  rate  from  a  one- curie  Cesium- 137 
point  source:  approximately  3.31  R/hr  at  one 

foot  (or  3,  100  R/hr  at  one  cm.). 

(b)  Fast  neutron  emission  rate  of  a  one- curie 
plutonium-beryllium  source:  approximately 
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1.5  X  10^  neutrons /second.  Approximate  corresponding  neutron  flux  is 

5  2  2 

1.2  X  10  n/cm  -  sec  at  one  cm,  and  128  n/cm  -  sec  at  one  foot  from 

source. 

NOTE 

2 

Dose  rate  (R/hr)  or  neutron  flux  (n/cm  - 
sec)  values  at  other  distances  from  source 
may  be  computed  by  use  of  the  inverse 
square  law;  Rj/R2  ::  (d2)^/(dj)^.  Where 
Rj  *  the  dose  rate  (on  neutron  flux)  at 
a  distance  dj,  from  the  source,  R2  is 
that  at  a  distance  d2  from  t!.e  same 
source.  Th*?  units  of  Rj  and  dj  are  the 
same  as  those  of  R2  and  d2> 

4.2  Gamma  Calibration  Setup. 

4.2.1  General  Requirements.  Design  and  construct  a  fixed- 
geometry,  relatively  scatter- free,  gamma  calibration 
setup  in  accordance  with  the  following  requirements: 

(a)  Source  and  film  badges  must  be  above  floor  at  a 
height  equal  to  or  greater  than  the  maximum 
calibration  distance  between  source  and  film  badge.  This  is  to  insure 
that  there  will  be  less  than  10%  contribution  from  scattering  at  the 
maximum  source-to-badge  distance. 
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(b)  Minimum  distance  between  walls,  equipment,  or 
other  scattering  objects  from  either  source  or 

badge  must  be  equal  to  or  greater  than  the  maximum  source-to-badge, 
calibration  distance.  Contribution  to  objectionable  scattering  is 
greater  from  metallic  objects  (e.g.  materials  of  high  atomic  number) 
than  from  comparable  objects  of  non-metallic  material. 

(c)  The  distance  between  film  badge  and  source  must 
not  be  less  than  5  times  the  largest  dimension 

of  either  source  or  badge. 

(d)  Factor  of  electron  equilibrium  rust  be  considered 
when  calibration  distances  are  less  than  100  cm 

from  the  source.  Undesired  secondary  electrons  originating  in  metal 
capsule  of  source  or  within  the  source  itself  may  be  present  at  those 
distances.  It  is  usually  required  to  place  a  few  millimeters  of  a 
solid,  air-like  material  (e.g.  plastic)  between  source  and  badges. 

(e)  Badges  must  be  oriented  so  that  they  are  perpen¬ 
dicular  to  the  incident  radiation  (that  is,  that 

the  line  drawn  from  the  point  source  to  the  center  point  of  the  film 
badge  is  at  right  angles  to  the  plane  of  the  film  packet).  This 
orientation  and  the  source-to-badge  distance  must  remain  fixed  during 
calibration.  The  design  of  the  calibration  setup,  however,  could  be 
such  that  the  source-to-badge  distances  may  be  changed  to  other  fixed 
values,  if  required.  In  such  adjust able -type  setups,  it  may  also  be 
neccs«!ary  to  adjust  the  orientation  of  the  badges  to  assure  that  the 
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incident  radiation  remains  perpendicular  to  the  badges.  A  preferable 
fixed- geometry  orientation  of  film  badges  and  source  (cylindrical) 
is  that  wheroby  the  badges  and  source  are  perpendicular  to  the  floor 
md  positioned  such  that  a  horizontal  line  drawn  through  the  geo¬ 
metrical  center  of  the  source  intersects  the  geometrical  center  of 
the  badge  at  a  right  angle  to  the  plane  of  the  film  packet. 

(f)  Badges  being  calibrated  simultaneously  must  be 

so  located  that  they  do  not  act  as  shadow  shields 

to  one  another. 

(g)  During  calibration,  source  must  be  held  in  fixed 
location  and  orientation,  relative  to  the  badges. 

(h)  Provisions  must  be  made  for  safely  and  quickly 
transferring  the  source  from  its  shielded  con¬ 
tainer  to  its  fixed  calibration  location  in  the  setup.  Path  of  source 
to  its  calibration  position  should  be  such  that  badges  are  not  given 

a  measurable  dose  prior  to  being  located  in  its  fixed  calibration 
position.  Likewise,  equivalent  provisions  must  be  made  for  removal 
of  source  to  its  shielded  container. 

(i)  Shielded  container  of  source  must  be  conveniently 
located  to  meet  the  requirements  of  item  (h) . 

Shielding  and  distance  of  container  from  badges  on  calibration  setup 
must  be  so  as  not  to  affect  the  cali’./x'ation  films  or  to  result  in 
unnecessary  exposure  of  person  carrying  out  the  calibration. 
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(j)  Select  the  source-to-badge  distances  on  the 
calibration  setup  on  the  basis  of  the  required 

calibration  dose  values  and  exposure  tines  involved.  See  Method  131. 

(k)  Locate  calibration  setup  in  a  suitable  area  in 
accordance  with  radiological  safety  aspects 

listed  in  the  steps  in  4.S  Take  into  account  resultant  dose  rates  in 
environs,  from  standpoint  of  exposures  to  personnel  and  of  possible 
effects  on  fixed  area  monitors  and  counting  room  instrumentation. 
4.2.2  Calibration  of  the  Setup. 

4. 2. 2.1  Locate  setup  in  exact  location  and  orien¬ 
tation  under  which  it  is  to  be  used. 

4. 2. 2. 2  With  the  appropriate  source  in  its  cali¬ 
bration  position,  measure  gamma  dose  rate  at 

each  film  badge  calibration  point  with  an  r-meter  which  has  been 
calibrated  with  gamma  radiation  of  the  same  energy  as  that  of  the 
calibration  source.  If  the  calibration  points  are  not  fixed,  select 
several  points  at  several  distances  and  to  include  the  point  closest 
to  and  farthest  from  the  source.  To  cariy  out  these  measurements, 
follow  the  procedures  specified  in  the  instruction  manual  of  the 
r-meter  set.  See  the  steps  in  4.5  for  radiological  safety  aspects. 

4.2.2. 3  Use  data  obtained  above  to  verify  if  the 
inverse  square  law  (see  note  of  step  4.1.2) 

holds  under  the  particular  conditions  of  scatter  and  range  of  dis¬ 
tances.  If  it  does  not,  make  improvements  necessary  to  provide 
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relatively  scatter-free  conditions  for  calibration.  See  step  4.2.1. 


If  the  inverse  square  law  docs  not 
hold  because  of  the  nearness  of  scatter¬ 
ing  components  to  either  the  source  or 
detector,  the  value  of  dose  rate  ver¬ 
sus  distance  c&n  be  determined,  but  in 
general  this  set  of  values  will  have  to 
be  determined  for  each  particular  type 
detector  which  may  have  a  different 


energy  response. 


4. 2. 2. 4  Use  data  obtained  in  step  4. 2. 2. 2  to  check 
directional  uniformity  of  the  radiation 

field  within  the  area  of  interest.  This  check  is  more  important  with 
physically  large-size  sources  because  of  the  possibility  of  self 
absorption  in  the  source.  This  check  is  done  by  conqparison  of  the 
measured  dose  rate  at  points  at  equal  distances  from  the  source.  If 
calibration  conditions  are  not  scatter  free,  this  check  requires  that 
the  source  and  detector  remain  fixed  relative  to  scattering  objects, 
and  that  the  dose  rate  at  a  fixed  point  be  measured  with  different 
orientations  of  the  source. 

4.2.2.5  Plot  dose  rate  versus  distance  values,  or 
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record  dose  rate  at  each  fixed  film- 
calibration  point,  depending  on  whether  the  setup  has  provisions  for 
varying  calibrating  distances  or  not.  Enter  on  plot,  or  record;  The 
date  of  measurements,  name  or  initials  of  person  who  performed  measure 
ments,  and  complete  identification  of  calibration  source,  calibration 
setup,  and  measuring  device  (e.g.  r-meter)  used. 

4. 2. 2. 6  Repeat  above  calibration  of  setup  at  periodic 
intervals  specified  in  the  plant  technical 
manual  and  vfaenever  factors  which  may  affect  the  calibration  values 
are  changed  or  introduced  into  the  setup. 

4.2.3  Use  of  Setup. 

4. 2. 3.1  Prior  to  using  the  calibration  setup,  use 

the  following  basic  equation  to  compute  the 

current  dose  rate,  R^,  at  each  calibration  point  to  be  used: 

R,.  ■  R  e  '(0.693  t/T,/2) . 
t  0 

Whore  Rq  ■  measured  dose  rate  (mr/hr, 
r/hr,  etc.)  at  fixed  point 
a  given  distance  from  source, 
at  time  of  calibration  of  setup. 

R^  ■  computed  dose  late  (nr/hr, 
r/hr,  etc.)  at  tha  same 
point,  after  calibration 
source  has  decayed  for  a 
time,  t. 
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t  *  decay  tine  of  source,  i.e., 
the  tine  lapse  between 
neasurenent  of  Rq  and  con- 
puting  of  R^. 

Tj^2  ■  radioactive  half-life  of 
specific  radionuclide  con¬ 
tained  in  the  calibration 
source. 


NOTE 

In  order  for  the  .ibove  eqiiation  to  hold, 
all  pertinent  factors  (except  activity 
of  calibration  source)  nust  be  the  sane 
as  when  neasurenent  of  R^  was  nade; 
furthemore,  R^,  and  R^  must  be  in  the  sane 
units  of  dose  rate  (e.g.,  nr/hr)  and  t  and 

units  (e.g.,  days). 

Use  Method  634.4  to  detendne  the  value  of 
the  negative  exponential,  ^^'^1/25, 

substituting  dose  rate,  R,  for  activity,  A. 
Also,  see  Table  l2s-l  for  value  of  the  nega¬ 
tive  exponential  computed  for  va;*ious  values 
of  (t/Tj/2). 
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4. 2. 3. 2  To  compute  the  exposure  tine: 

Where  t'  (hr)  ■  exposure  tine. 

(mr/hr)  ■  corrected  dose  rate  value. 

D  (nr)  ■  specified  dose  rate. 

NOTE 

For  a  film  calibration  setup  in  whidk 
the  source-to-badge  distance  is  fixed, 
it  will  be  found  convenient  to  compute 
for  eadi  required  exposure  dose  value, 

0,  the  exposure  time  required  when  the 
dose  rate  at  that  point  has  the  measured 
value,  Rq  (mr/hr).  To  expose  a  film  to 
the  sane  exposure  dose,  at  a  subsequent 
time,  and  at  the  sane  r».libration 
point,  the  correct  exposure  tine  can  be 
conputed  by  use  of  the  following 
equation. 

f  o  (hr) 

f  t  (hr)  -  "-nnwyt/TY/j)- 

Where  t'^  (hr)  -  corrected  exposure  tine, 
t'g  (hr)  •  exposure  tine. 

4. 2. 3. 3  See  Method  131  for  procedures  to  calibrate 
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film  badges  for  gairnna  radiation. 

4. 2. '1.4  Observe  all  applicable  radiological  safety 
procedures  in  the  steps  in  4.5. 

4.3  Beta  Calibration  Setup. 

4.3.1  General  Requirements.  See  step  4.1.1  (b)  fcr 
specifications  of  setup  for  calibrating  film  for 

beta  radiation. 

4.3.2  Calibration  of  the  Setup. 

4. 3.2.1  Cali./xation  of  the  setup  is  not  necessary 
if  it  meets  requirements  specified  in  step 

4.1,1  (b) .  The  beta  dose  rate  at  contact  with  such  a  slab  of 
natural  uianium  covered  with  a  7  mg/cm^  plastic  absorber  may  be 
taken  to  be  225  millirem/hour. 

4. 3. 2. 2  If  the  calibration  device  does  not  meet 

the  requirements  specified  in  step  4.1.1  (b) , 
have  the  beta  dose  rate  at'  contact  with  the  natural  uranium  pla.ne 
source  (covered  with  a  7  mg/cm^  plastic  absorber)  measured  at  the 
Bureau  of  Stndards,  by  means  of  an  extrapolation  chamber,  and  specify 
that  a  certificate  be  given  containing  the  value  of  the  dose  rate. 

4.3.3  Use  of  Setup. 

4. 3. 3.1  Because  of  the  very  long  haif-life  of 
uranium,  the  contact  dose  rate  value  re¬ 
quires  no  correction  for  radioactive  decay. 

4. 3. 3. 2  Use  beta  film  calibrator  in  a  location  free 
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from  stray  gamma  radiation.  Any  gamma  dose 
received  by  the  film(s)  during  the  longest  exposure  time  in  the 
calibrator  should  be  negligible.  Do  not  use  or  store  calibrator  in 
potentially  contaminated  locations. 

4. 3. 3.3  Follow  procedures  of  Method  131  to  calibrate 
films  for  beta  radiation. 

4.4  Neutron  Calibration  Setup. 

4.4.1  General  Requirements.  Design  and  construct  a  fixed- 

geometiy,  relatively  scatter-free,  fast  neutron 
calibration  setup  in  accordance  with  the  following  requirements: 

(a)  The  Pu-Re  source  is  to  be  used  during  cali¬ 
bration  as  an  unmoderated  fast  neutron  source. 

(b)  Considerations  concerning  scattering  must  be 
made  in  accordance  with  items  (a)  and  (b)  of 

step  4.2.1.  For  neutrons,  contribution  to  objectionable  scattering 
is  greuter  from  objects  of  materials  of  low  atomic  number.  Aidition- 
ally,  scatter  can  easily  become  large  a’ld  the  effective  neutron 
energy  can  be  significantly  lowered  when  more  than  one  scattering 
surface  (such  as  floor  and  walls)  is  involved.  A  relatively 
scatter-free  setup  is  particularly  important  because  fast  neutron 
calibration  is  carried  out  solely  on  the  assumption  that  the  inverse 
square  law  holds.  See  rtep  4.4.2. 
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NOTE 

Scattering  is  particularly  objectionable 
for  detectors  used  for  fast-neutron 
monitoring  but  which  are  also  sensitive 
to  lower-energy  neutrons.  The  type  film 
used  for  neutron  monitoring,  however,  has 
virtually  no  response  to  neutrons  of  energy 
between  about  1  ev  and  0.4  Mev. 

(c)  Item  (c)  and  items  (*)  through  (k)  of  step  4.2.1. 

4.4.2  Calibration  of  the  Setup. 

4.4. 2.1  Compute  the  fast  neutron  flux,  f  (neutrons/ 
cm^  -  sec),  at  each  calibration  point  con¬ 
cerned  by  use  of  the  following  equation.  Record  calculated  values 
and  other  pertinent  information  on  data  sheet. 


2 

Where  f  -  fast  neutron  flux,  n/cm  - 
sec.,  at  calibration  point 
a  distance  of  r  centimeters 
from  Pu-Be  neutron  source. 

N  >  neutron  emission  rate  of  the 
neutron  source,  in  neutrons/ 
second,  as  stated  in  its  call 
bration  certificate. 
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r  s  distance  in  centimeters «  from 

} 

neutron  source  to  calibration 
point. 

The  above  equation  may  also  be  used  to  determine  the  distance,  r, 
for  a  fast  neutron  flux,  f,  of  a  given  value.  See  step  4.2.1  for 
restrictions  cn  source- to-detector  distances. 


NOTE 

The  fast  neutron  flux  (neutrons/cm  - 
sec)  at  each  calibration  point  is  cal¬ 
culated  as  indicated  above.  There  are 
pr**3ently  no  means  for  verifying  these 
values  by  actual  measurements  at  these 
points. 

4.4,3  Use  of  Setup. 

4.4. 3.1  Because  of  the  very  long  half-life  of 
Plutonium,  there  is  no  need  to  correct 

the  neutron  emission  rate,  N  (neutrons/second),  of  the  Pu-Be  source 
for  radioactive  decay.  Consequently,  values  of  flux,  f,  (or  of 
source-to-detector  distances,  r)  previously  cosqjuted  are  still 
applicable. 

4. 4. 3. 2  Use  setup  for  calibrating  film  badges  for 
fast  neutrons  in  accordance  with  procedures 

of  Method  131. 
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4. 4. 3. 3  Observe  all  applicable  radiological  safety 
procedures  in  step:.  4.5. 

4.5  Radiological  Safety  Aspects. 

4.5.1  Design,  construct,  and  use  the  calibration  setups 
(and  sources)  in  accordance  with  all  applicable 

radiological  safety  practices  and  in  compliance  with  rules  specified 
in  the  plaxt  technical  manual .  Only  those  persons  who  have  beeu 
specifically  authorized,  in  accordance  with  the  plant  technical  manual, 
are  to  be  allowed  to  use  calibration  setups  and  sources. 

4.5.2  Plan  and  carry  out  calibration  procedures  so  as  to 
reduce  all  unnecessary  exposures  to  operators  as 

well  as  to  persons  in  the  environs. 

4.5.3  Use  distance  (per  se,  and  such  devices  as  long- 
handle  tools,  etc.),  time,  and  shielding  to  minimize 

personnel  exposures. 

U.5.**  Leak  test  sources  In  accordance  with  Method  5U0 

and  the  plant  technical  manual.  Exercise  caution. 
Assure  fixed-geometry  factors  of  calibration  setups  are  not  altered 
and  that  sources  are  not  damaged. 

4..5.5  Monitor  environs  (specially  occupied  areas)  when 
doing  gamma  and  neutron  calibrations. 

4.5.6  Rope  off  and  appropriately  mark  access  to  high 

radiation  areas.  Securo  access  to  such  areas,  if 


possible. 
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1.5.7  Remain  fully  alert. 


4.5.8  Assure  that  sources  are  placed  in  their  shielded 
and  designated  containers,  immediately  after  use. 

Verify  by  monitoring  with  appropriate  survey  instrusmnt. 

4.5.9  Review  periodically  the  calibration  operations  from 
the  standpoint  of  radiological  safety.  Effect 

improvements  as  necessary. 

4.5.10  Wear,  in  addition  to  regular  beta-gamma  film  badge, 
a  gamma  self-reading  dosimeter  whenever  carrying 

out  gamna  calibration  operations;  a  neutron  film  badge  and  a  thermal- 
neutron  dosimeter  when  doing  neutron  calibrations. 

4.5.11  Maintain  good  housekeeping  practices  in  the  area(s) 
housing  the  calibration  facilities. 

5.  RESULTS  AND  TOMPITTATIONS . 

Not  Applicible. 

6.  TfcST  METHOD  IMPLEMENTATION. 

The  plant  technical  manued  specifies; 

(a)  Frequency  for  periodically  calibrating  the  gamma 
calibration  setup. 

(b)  Area  in  whidt  the  gamma  and  the  fast  neutron  csU- 
bration  setups  are  to  »  used. 

(c)  Procedure  for  authorizing  specific  qualified  individuals 
to  use  the  calibration  setups  and  sources. 
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TABLE  123-1. 


-(0.693t/T  ) 

1/2 


Negative  Exponectlal,  F  »  e 


t/Ti/2 

F 

^^1/2 

F 

t/Ti/2 

F 

t/Ti/2 

F 

0 

1.000 

1,06 

0.480 

2.30 

0.203 

4.95 

0.0324 

0.02 

0-986 

1.08 

.473 

2.35 

.196 

5  00 

.0313 

0.04 

.973 

1.10 

.467 

2.40 

.189 

5.10 

.0292 

0.06 

.959 

1.12 

.460 

2.45 

.183 

5.20 

.0272 

0.08 

.946 

1.14 

.454 

2.50 

.177 

5.30 

.0254 

0.10 

.933 

1.16 

.447 

2.55 

.171 

5.40 

.0237 

0.12 

.920 

1.18 

.441 

2.60 

.165 

5.50 

.0221 

0.14 

.908 

1.20 

.4.35 

2.6’^ 

.159 

5.60 

.0206 

0.16 

.895 

1.22 

.429 

2.70 

.154 

5.70 

.0192 

0.18 

.883 

1.24 

.423 

2.75 

.149 

5.80 

.0180 

0.20 

.871 

1.26 

.418 

2.80 

.144 

5.90 

.0167 

0.22 

.859 

1.28 

.412 

2.85 

.130 

6.00 

.0156 

0.24 

.847 

1.30 

.406 

2.90 

.134 

6.10 

.0146 

0.26 

.835 

1.32 

.401 

2.95 

.129 

6.2c 

.0136 

0.28 

.824 

1.34 

.395 

3.00 

.125 

6.30 

.0127 

0.30 

.812 

1.36 

.390 

3.05 

.121 

6.40 

.0118 

0.32 

.801 

1.38 

.384 

3.10 

.117 

6.50 

.0111 

0.34 

.790 

1.40 

.379 

3.15 

.113 

6.6C 

.0103 

0.36 

.779 

1.42 

.374 

3.20 

.!J9 

6.70 

.0096 

0.38 

.768 

1.44 

.369 

3.25 

.105 

6.80 

.0090 

0.40 

.758 

1.46 

.364 

3.30 

.102 

6.90 

.0084 

0.42 

.747 

1.48 

.358 

3.35 

.0981 

7.00 

.0078 

0.44 

.737 

1.50 

.354 

3.40 

.0947 

7.10 

.0073 

0.46 

.727 

1.52 

.349 

3.45 

.0915 

7.20 

.0068 

0.48 

.717 

1.54 

.344 

3.50 

.0884 

7.30 

.0063 

0.50 

.707 

1.56 

.339 

3.55 

.0853 

7.40 

.0059 

0.52 

.697 

1.58 

.334 

3.60 

.0825 

7.50 

.0055 

0.54 

.688 

1.60 

.330 

3.65 

.0797 

7.60 

.0052 

0.56 

.678 

1.62 

,325 

3.70 

.0769 

7.70 

.0048 

0.58 

.669 

1.64 

.321 

3.75 

.0743 

7.80 

.0045 

0.60 

.660 

1.66 

.316 

3.80 

,0718 

7.90 

.0042 

0.62 

.651 

1.68 

.312 

3.85 

.0693 

8.00 

.0039 

0.64 

.642 

1.70 

.308 

3.90 

,0c  70 

8.10 

.0036 

0.66 

.633 

1.72 

.304 

3.95 

.0647 

8.20 

.0034 

0.68 

.624 

1.74 

.299 

4.00 

.0625 

8.30 

.0032 

0.70 

.616 

1.76 

.295 

4.05 

.0604 

8.40 

.0030 

0.72 

.607 

1.78 

.291 

4.10 

.0583 

8.50 

.0028 

0.74 

.599 

1.80 

.287 

4.15 

.0563 

8.60 

.0026 

0.76 

.590 

1.82 

.283 

4.20 

,0544 

8.70 

.0024 

0.78 

0*582 

1.84 

0.279 

4.25 

0.0525 

8.80 

0.0022 
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t/Tj/j 

F 

t/Ti/2 

F 

t/Tj/j 

F 

t/Ti/2 

F 

0.80 

0.57J* 

1.86 

0.275 

1*.30 

0.0507 

8.90 

0.0021 

0.82 

.566 

1.88 

.272 

1*.35 

.01*90 

9.00 

.0020 

0.8I» 

.559 

1.90 

.268 

1*.1*0 

.01*71* 

9.10 

.0018 

0.86 

.551 

1.92 

.261* 

1*.1»5 

.01*57 

9.20 

.0017 

0.88 

.5*»3 

1.9»* 

.261 

1*.50 

.01*1*2 

9.30 

.0016 

0.90 

.535 

1.96 

.257 

1*.55 

.01*27 

9.1*0 

.0015 

0.92 

.529 

1.98 

.253 

•♦.60 

.01*13 

9.50 

.0011* 

0.9*t 

.521 

2.00 

.250 

1».65 

.0398 

9.60 

.0013 

0.96 

.51U 

2.05 

.2U1 

U.70 

.0385 

9.70 

.0012 

0.98 

.507 

2.10 

.233 

1».75 

.0372 

9.80 

.0011 

1.00 

.500 

2.15 

.225 

1*.80 

.0359 

9.90 

.0010 

1.02 

.U93 

2.20 

.218 

4.85 

.031*7 

10.00 

0.0010 

l.OU 

O.U86 

2.25 

0.210 

U.90 

0.0335 

“ 

— 

Both  u 

Md  are 

la  the 

same  unit 

of  time. 
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METHOD  131 

CALIBRATION  OP  FILM  BADGES 


1.  SCOPE. 

This  method  contains  procedures  for  calibrating  film  badges  for 
ganma,  beta,  and  fast  neutron  radiation. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARArjS. 

Calibrated,  fixed-geometry  setup  for  gamma  calibration  of 
i..  Im  badges.  See  Method  123. 

Calibrated  setup  for  beta  calibration  of  film  badges.  See 
Method  133. 

Fixed-geometry  setup  for  fast  neutron  calibration  of  film 
badges.  See  Method  123. 

Fast  neutron  source  whose  neutron  emission  rate  (neutrons/ 

second)  is  known  from  a  certified  calibration.  See  ^thod 
123. 

Timer. 

Photodosimetxy  darkroom. 

Neutron  microscopy  setup. 

4.  PROCEDURES. 

4.1  Gamma  Calibration. 

4.1.1  See  Method  123  for  technical  and  radiological  safety 
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requirements. 

4.1.2  Select  the  values  of  gamna  exposure  dose  (D)  required 
to  comprise  the  calibration  film  set.  A  calibration 

film  set  consists  of  a  given  number  of  beta-gamma  film  packets  each 
exposed  in  a  beta-gamna  film  packet  holder  to  a  known  and  different 
exposure  dose.  The  number  and  magnitude  of  the  dose  values  in  a  set 
should  be  sufficient  for  plotting  the  ''Density  Versus  Dose"  film  cali¬ 
bration  curves  over  the  dose  range  of  Interest.  It  is  desirable  that 
specific  dose  values  correspond  to  basic  and  operational  limits  for  the 
mnitoring  period  concerned.  Following  is  a  suggested  calibration 
film  set;  30;  SO;  100;  300;  and  600  milliroentgens;  1.25;  3;  6;  12; 
and  25  roentgens. 

4.1.3  Compute  the  current  exposure  dose  rate»  at  each 
calibration  point  of  the  gamma  film  calibration  setup, 

in  accordance  with  step  4.2.3. 1  of  Method  123. 

4.1.4  Compute  the  exposure  time,  t  (hour),  for  eadi  film 
packet  of  the  gamna  calibration  film  set,  in  accordance 

with  step  4. 2. 3. 2  of  Method  123. 

4.1.5  Enter  on  data  sheet  for  eadi  calibration  point  of 
setup:  distance  of  calibration  point  from  source; 

measured  dose  rate,  R^,  at  that  point,  and  date  of  its  measurement; 
computed  dose  rate,  R^,  at  that  point,  and  date  of  its  conputaticni; 
each  value  of  exposure  dose,  D,  for  whidi  that  calibration  point  is 
to  be  used,  and  its  corresponding  exposure  time,  t^,  based  on  current 


131-2 


1  July  1966 


Health  Physics- 
Process  Control 


♦ 


o 

o 


dose  rate,  R^. 

4.1.6  Obtain  the  beta-gaimna  type  film  packets  to  be  cali¬ 
brated,  from  unused  film  packets  in  storage.  In 

general,  it  is  desirable  that  two  film  packets  be  calibrated  for  each 
calibration  dose  value.  Assure  that  the  emulsion  number  of  all  these 
film  packets  is  the  same  as  that  of  the  monitoring  films  for  which  this 
calibration  set  is  being  prepared. 

4.1.7  Mark  on  front  face  of  each  calibration  filn^  packet  the 
exposure  -e  (D)  it  is  to  be  given.  Enter  on  data 

sheet  the  serial  ruirber  and  corresponding  value  of  D  for  each  film 
packet  in  the  calibration  setCs>,  and  other  pertinent  data  (emulsion 
nuniier,  date,  etc.)  specified  in  the  form. 

4.1.8  Load  the  calibration  film  packets  in  the  same  type 
holder  and  in  exactly  the  same  manner  as  the  monitoring 

film  badges  in  use. 

4.1.9  Place  eadt  calio/ation  badge  at  its  appropriate  cali¬ 
bration  point  in  the  film  calibration  setup. 

NOTE 


Duri ig  this  step,  the  calibration  source 
is  to  bo  in  its  shielded  container. 

4.1.10  Start  exposure  of  film  badges.  This  is  done  by 

positioning  the  calibration  source  at  its  designated. 
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fixed  location  in  the  filn  calibration  aetup. 

4.1.11  Record  starting  tine  of  exposure.  Use  accurate  time¬ 
piece  for  measuring  exposure  time.  Alarm  type  (daxlc- 

Toom)  timer  mi^  be  used  in  ccm junction  with  timepiece,  to  alert 
operator  when  end  of  exposurt  time  is  near. 

4.1.12  Stq>  eiqjosure  at  the  end  of  the  specified  exposure 
time  by  removing  calibration  source  from  its  exposure 

position  and  placing  it  in  its  shielded  container. 

4.1.13  Remove  film  packets  from  calibration  badges  and  ston^ 
packets  in  approved  film  storage  location  until  needed 

as  calibration  set  for  processing  film  batdi. 

4.1.14  After  the  calibration  sourM  is  replaced  in  its 
shielded  container  at  the  completion  of  a  calibration 

run,  check  fbr  evidence  of  contamination,  those  surfaces  (tips  of 
remote-handling  devices,  location  of  sourc*^  during  calibration,  etc.) 
with  which  the  source  has  been  in  ccntcct.  Sec  the  steps  in  4.5  of 
Method  540. 

4.1.15  Processing.  See  Method  132. 

4.1.16  Reading.  See  Method  133. 

4.2  Seta  Calibration. 

4.2.1  See  Method  12^  for  tecnnlcal  and  raoiological  safety 
requirements. 

4.2.2  Select  the  values  of  beta  dose,  D,  required  to  com¬ 
prise  the  beta  calibration  film  set.  A  calioxatlon 
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set  consists  of  a  given  number  of  film  packets  each  exposed  to  a  known 
and  different  dose.  The  number  and  magnitude  of  the  cose  values  in  a 
set  should  be  sufficient  for  plotting  the  "Density  Versus  Dose"  film 
calibration  curve  over  the  dose  range  of  interest.  It  is  desirable 
that  specific  dose  values  correspond  to  basic  and  operational  limits 
for  the  monitoring  period  concerned.  Following  is  a  suggested  cali¬ 
bration  set:  60;  300;  and  600  millirems  and  1.25;  3;  and  7.5  rems. 

It  is  advisd>le  that,  for  a  given  film  emulsion  type,  calibration  data 
for  higher  dose  values  be  obtained  initially  and  retained. 

4.2.3  Use  the  following  equation  to  compute  the  calibration 
exposure  time,  t  (hour)  required  to  obtain  each 

selected  value  of  beta  dose,  D  (millirem): 

Where  240  millirem/hour  ■  a  constant 

which  represents  the  beta  dose  rate 

at  contact  with  the  beta  calibration 

source  described  in  Method  123  -  a 

thick  slab  of  natural  uranium  covered 
2 

with  a  7  mg/ cm  plastic  absorber. 

If  a  different  type  beta  calibration  source  is  used,  its  current  dose 
rnte  in  millirem/hour  at  contact  with  it  must  be  used  in  place  of  the 
240  millirem/hour  in  the  above  equation. 

4.2.4  Record  the  values  of  beta  dose,  D,  and  their  corres- 
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ponding  values  of  exposure  time,  t. 

4.2.5  Obtain  the  beta-ganw  film  packets  to  be  calibrated, 
from  unused  film  packets  in  storage.  In  general,  it 

is  desirable  that  two  file  packets  be  calibrated  at  each,  calibration 
dose  value.  Assure  that  the  emulsion  number  of  all  these  film  packets 
is  the  same  as  that  of  the  monitoring  films  for  whidi  this  calibration 
set  is  being  prepared. 

4.2.6  Mark  on  back  (side  with  the  tabs)  of  each  calibration 
film  packet  the  symbol  *'6'*  and  the  value  of  the  beta 

dose  (D)  it  is  to  be  given.  Enter  in  data  sheet  the  serial  number 
and  corresponding  value  of  D  for  eadi  film  packet  in  the  calibration 
set(s),  and  other  pertinent  data  (emulsion  number,  date,  etc.)  speci¬ 
fied  in  the  form. 

4.2.7  Locate  beta  film  calibrator  in  an  area  removed  from 
gamma  radiation.  Remove  cover  from  calibrator. 

4.2.8  Place  each  film  packet  in  the  calibrator,  such  that 
the  FRONT  (side  withoiit  the  tabs)  of  the  packet  is  in 

direct  contact  with  the  plastic-covered  plane  beta-source. 

NOTE 

Determine,  from  the  beta  dose  evalu¬ 
ation  procedures  applied)  le  to  the 
specific  type  beta-gamma  film  packet 
holder  in  use,  whether  the  calibration 

131-6  1  July  1966 


r 


Health  Physics- 
Process  Control 


film  packets  should  be  in  holders  for 
calibrating  them. 

4.2.9  Record  starting  time  of  exposure  of  film  packets. 

This  is  the  time  the  packets  are  placed  in  contact 

with  the  plane  beta  source. 

4.2.10  Use  accurate  timepiece  for  measuring  exposure  tire. 
Alarm  type  (darkroom)  timer  may  be  used  in  conjunction 

with  timepiece  to  alert  operator  when  end  of  exposure  time  is  near. 

4.2.11  Remove  each  film  packet  from  calibrator  at  the  end  of 
its  specified  exposure  tine.  As  sOv>n  as  a  calibrated 

film  is  removed  from  the  calibrator,  store  it  in  the  approved  film 
storage  location,  where  the  beta  calibration  set  is  to  be  kept  until 
needed  for  processing  film  batdi. 

4.2.12  Replace  cover  on  calibrator.  Return  calibrator  to  its 
designated  storage  location. 

4.2.13  Processing.  See  Method  132. 

4.2.14  Reading.  See  Method  133. 

4.3  Neutron  Calibration. 

4.3.1  See  Method  123  for  tedinical  and  radiological  safety 
requirements. 

4.3.2  Determine  the  number  of  neutron  film  packets  and  fast 
neutron  dose  values,  D  (millirem),  to  be  used  to  ob¬ 
tain  the  calibration  factor  for  the  neutron  film  batch.  ITie  following 
may  be  used  as  a  guide: 
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300  millirens 
600  millirems 


Two  film  packets 
Two  film  packets 
TWO  film  packets  1,200  millirems 

4.3.3  Compute  the  fast  neutron  flux,  f  (n/cm  -sec),  at  each 
calibration  point  to  be  used  in  the  calibration  setup. 

See  Method  123. 

4.3.4  Use  the  following  equation  to  compute  the  dose  rate 

equivalent,  R  (milli'rems/hour) ,  of  each  of  these  values 
2 

of  fast  neutron  flux,  f  (n/cm  -sec) : 

2 

f  (n/cm  -sec) 

R  (rtUlre./hour)  .  4  per  milllrem/hour) 

4.3.5  Use  the  appropriate  value  of  dose  rate  equivalent, 

R(mil li rem/hour) ,  to  compute  the  exposure  time, 

t(hour),  required  for  each  Ci?libration  film  to  receive  its  specified 
fast  neutron  dose,  D(millirem). 

4.3.6  Enter  on  data  sheet  for  each  calibration  point  to  be 
used  on  the  setup:  distance  of  calibration  point 

from  source;  computed  value  of  fast  neutron  flux,  f,  at  that  point; 
fast-neutron  dose  rate  equivalent,  R,  at  that  point;  dates  of  compu¬ 
tations;  each  value  of  fast  neutron  dose,  D,  for  which  that  calibration 
point  is  to  be  used,  and  its  corresponding  exposure  time,  t. 

4.3.7  Obtain  the  film  packets  to  be  exposed,  from  unused 
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neutron  film  packets  in  storage.  Assure  that  the 
emulsion  nuiriber  of  all  these  film  packets  is  the  same  as  that  of 
monitoring  films  for  whidi  this  calibration  set  is  being  prepared. 

4.3.8  Mark  on  front  face  of  each  calibration  film  packet 
the  fast  neutron  dose,  D,  which  it  is  to  be  given. 

Enter  on  data  sheet,  the  film  packet  serial  nurd>ers  and  other  perti¬ 
nent  data  (emulsion  number,  date  film  exposed,  etc.)  specifiid  on  the 
form. 

4.3.9  Load  film  packets  in  the  appropriate  type  holder  in 
identically  the  same  manner  as  for  the  neutron-monitor¬ 
ing  film  badges  in  use.  For  Army  Depot  holders  used  exclusively  for 
neutron  film  packets,  follow  loading  instructions  specified  by  Army 
Depot.  For  stainless  steel  holders  used  to  contain  both  a  beta- 
gamma  film  packet  and  a  neutron  film  packet,  insert  in  each  holder  a 
beta-gamma  film  packet  along  with  the  neutron  film  packet  to  be 
calibrated. 

4.3.10  Expose  calibration  badges  to  the  predetermined  fast 
neutron  doses  in  accordance  with  steps  4.1.8  through 

4.1.13  but  using  the  fast  neutron  calibration  setup.  If  stainless 
steel  holders  containing  both  beta-gamna  film  packets  and  neutron 
film  packets  were  utilized,  destroy  the  beta-gamma  film  packets  after 
their  removal  from  the  exposed  badges. 

4.3.11  Processing.  Process  the  calibration  neutron  film 
packets  in  accordance  with  the  standard  procedure 
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specified  in  Method  132.  This  processing  aay  be  done  separately,  or 
jointly  with  a  batdi  of  neutron  aonitoring  filsa.  Either  way,  two 
control  (i.e.,  unexposed)  filns  of  the  sane  eaulsion  nwber  Must  be 
processed  along  with  the  calibration  neutron  filns. 

NOTE 

Because  of  track  (latent  inage)  fading, 
not  nore  than  two  weeks  should  be 
allowed  to  elapse  between  e]q>osure  and 
processing  of  the  calibration  neutron 
filns.  Tests  for  detemining  extent 
of  tract  fading  nay  be  nade  by  exposing 
two  sets  of  calibration  filns  at  the 
sane  tine  and  processing  me  set  innedi- 
ately  and  the  other  set  two  weeks  (or 
preferably,  one  neutron  filn  aonitoring 
period)  later,  and  coaparing  the  results. 

4.3.12  Reading.  See  Method  133. 

5.  RESULTS  AND  COMPUTATIONS. 

5.1  Insert  and  retain  the  filled-out  data  sheets  in  a  notebodc 
labelled,  "Pila  Data--Raadings  and  Calibrations". 

5.2  Keep  notebook  in  safe  place.  Data  it  contains  represent 
valuable  records. 
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5.3  Store  processed  cslibrstion  filns  in  accordance  with 
Method  131. 

6.  TEST  METHOD  IMPLEMENTATION. 

Not  ^licable. 
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METHOD  132 

DARKROOM  PROCESSING  OF  FILM  PACKETS 


1.  SCOPE. 

This  aethod  contains  procedures  for  the  daricrooB  processing  of 
beta-gana  file  packets  and  neutron  film  packets. 

2.  SAMPLE. 

Not  /^llcable. 

3.  APPARATUS. 

Pollawing  sets  of  calibration  film  packets:  (a)  gafloa, 

(b)  beta,  and  (c)  fast  neutron.  See  Method  131. 

Control  fiiB  packets:  (a)  beta-ganaa,  and  (b)  neutron. 
Photodosiaetiy  darkroom  and  supplies.  See  Method  122. 

Data  sheets. 

4.  PROCEDURES. 

4.1  Preparation  of  Pi 1b  Packets  for  Processing. 

4.1.1  Separate  the  Bonitoring  film  packets  to  be  processed 
into  two  groups,  according  to  type  (beta-gaoBa  and 

neutron)  and  arrange  filn  packets  of  each  groiq>  in  nunerical  order. 

4.1.2  Add  the  gaBBa  and  the  beta  calibration  filn  sets  to 

the  "beta-gaBBa"  group;  and  the  fast  neutron  calibration 
film  set  to  the  "neutron"  group. 


NOTE 
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In  general,  the  calibration  factor 
for  a  given  supply  of  neutrcu  fila 
packets  (saae  emulsion  nuri)er)  is 
(^eterained  only  once.  As  such,  a 
fast  neutron  calibration  fila  set 
need  not  be  included  in  a  processing 
batch  of  neutron  films  for  which  a 
calibration  factor  has  a'xeady  been 
obtained.  However,  two  control  films 
(neutron)  must  be  included  in  eadi 
processing  batdi. 

4.1.3  Add  two  control  film  packets  (beta-gamma)  to  the 
"beta-gamma"  group;  and  two  control  film  packets 
(neutron)  to  the  "neutron"  groiqp.  Assure  that  these  control  film 
packets  are  of  the  sane  emulsion  number  as  the  monitoring  (and 
calibration)  film  packets  to  be  processed. 


o 


o 


o 


NOTE 


If  the  coabined  film  packets  in  a  group 
are  more  than  can  be  processed  in  one 
batch,  physically  separate  the  monitor¬ 
ing  packets  into  subgroups,  each  of  a 
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processing-batch  size.  To  each  sub¬ 
group,  add  the  appropriate  type 
calibration  set(s)  and  control  film 
packets,  in  accordance  with  steps 

4.1.2  and  4.1.3. 

4.1.4  Arrange  the  film  packet  groups,  film-dei^e loping  racks, 
and  accessories  on  a  clean  and  dry  work  table  in  the 

darkroom.  Assure  racks  are  clean  and  thoroughly  dry. 

4.1.5  Assure  the  beta-gasma  film  packets  are  physically 
separated  from  the  neutron  film  packets  as  the  two 

types  are  to  be  processed  in  separate  batches.  The  reason  for  this 
separation  is  that  the  processing  solutions  or  times,  or  both,  may 
be  different  for  the  two  types  of  film. 

4.2  Preparation  of  Daxkroom. 

4.2.1  Prepare  fresh  film-processing  solutions,  according  to 
procedures  in  Method  122.  Preferably,  the  fresh 

solutions  should  be  prepared  the  day  before  the  films  from  a  monitor¬ 
ing  period  batch  are  scheduled  to  be  processed. 

4.2.2  Bring  the  te^)erature  of  the  processing  solutions 
and  of  rinse  and  wash  water  to  a  constant  68*F  or 

20*  C.  During  film  processing,  temperature  should  not  vary  by  more 
than  t  2*F  or  *  1*C.  Measure  temperature  with  floating  themometeris) 
in  eadi  tank. 
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4.2.3  Kind  the  daxkroon  timer  and  set  ala^.'S  for  developing 
time  (e.s-,  S  minutes).  If  another  timer  is  available, 

wind  it  and  set  alarm  for  fixing  time. 

4.2.4  Turn  on  safeli^ts,  if  used,  and  check  daricroom  door 
lock  and  general  conditions  and  readiness  of  darkroom 

for  film  processing. 

4.2.5  Place  "Darkroom  in  Use"  sign  outside  of  darkroom  door; 
lock  darkroom  door;  and  turn  off  all  lights,  except 

those  safelights  whidi  are  known  by  actual  tests  not  to  affect  the 
film. 

4.3  Darkroom  Procedures. 

CAUTION 

The  following  steps  are  to  be  carried 
out  only  with  the  darkroom  in  com¬ 
plete  darkness  or  illuminated  only 
by  tested  safelights. 

4.3.1  Loading  of  film-developing  racks.  For  a  processing 

batch  of  film  packets  (arranged  in  following  sequence: 
controls,  calibration,  and  monitoring),  unwrap  the  first  film  packet: 
carefully  remove  the  film(s);  and  place  it  in  the  first  location  of  a 
film- developing  rack.  Hold  film  by  edges.  Proceed  likewise  with  rest 
of  film  packets.  Use  riditional  film-developing  racks,  as  necessary. 
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but  no  more  than  the  naxlnun  nuaber  which  constitutes  a  film-processing 
batch.  Arrange  and  secure,  as  one  handling  unit,  the  filled  film- 
developing  racks  constituting  one  processing  batch. 

4.3.2  Assure  readiness  of  all  the  required  film  processing 
facilities.  Specifically,  check  that  the  processing 

solutions  are  constant  at  the  required  temperature  -  68*  *  2*P  or 

20*  t  i*c. 

4.3.3  Developing. 

4. 3. 3.1  Assure  timer  is  wound  and  properly  set  to 
alarm  at  end  of  developing  period.  The 

developing  period  is  from  5  to  10  minutes,  depending  on  type  developer 
used.  Follow  instructions  specified  by  film  manufacturer.  Activate 
timer  at  time  following  step  is  started. 

4. 3. 3. 2  Immerse  in  the  developer  tank  the  filled  film¬ 
processing  racks  constituting  one  processing 

batdi.  For  about  the  first  5  seccwids  tap  the  rack(s)  against  the  tank 
to  dislodge  air  bii)bles  clinging  to  the  films.  Agitate  the  developer 
for  about  10  seconds,  at  60-second  intervals,  until  developing  period 
is  completed. 

U.B.k  Rtaaiag. 

l*.3.U.l  Plaae  films  in  cleaa,  ruaning  water  (68®P  or 
20®C)  for  about  30  seconds  to  2  minutes. 
k.3.4.2  If  stop  bath  is  used  in  place  of  water 

rinse,  rinse  in  stop  bath  (68®P  or  20®C)  for 

about  30  to  60  seconds. 
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U.3.5  Fixing. 

U. 3.^.1  Assure  tiner  is  wound  and  set  to  alarm  at  end 
of  fixing  period.  The  fixing  period  is  from 
5  to  10  minutes  for  beta-gamma  films  and  from  20  to  30  minutes  for 
neutron  films,  depending  on  type  fixer  used.  Follow  instructions 
specified  by  film  manufacturer.  Activate  timer  at  time  the  following 
step  is  started. 

4. 3.5.2  Imamrse  batch  in  the  fixer  tank.  Agitate 

films  vigorously  when  they  are  first  immersed, 
and  at  least  10  seconds  every  2  minutes  until  fixation  is  completed. 

NOTE 

Appropriate  fixing  time  is  approximately 
twice  the  time  required  for  the  emulsion 
to  clear,  that  is.  for  the  original  dif¬ 
fuse.  milky  yellowness  to  disappear. 

4.3.6  Washing. 

4. 3.6.1  Nash  batch  for  30  to  40  minutes  in  running 
water  (preferably  at  68*F  or  20*C) .  Flow  of 

wash  water  should  be  sufficient  for  at  least  8  changes  per  hour. 

4. 3.6.2  The  following  RAPID  WASHING  procedure  may  be 
used  as  an  alternate  method,  if  it  is  necessary 

to  reduce  rinsing  time  and  conserve  water: 

(a)  Kodak  Personal  Monitoring  Film,  Types  2  and  3: 
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firsts  after  removal  from  fixer  tank,  rinse  the 
films  la  water  for  1  minute.  Immerse  the  batch  In  Kodak  Hypo  Cleaning 
Agent  for  2  minutes,  agitating  moderately.  Wash  batch  for  5  minutes 
using  water  having  a  minimtim  water  flow  sufficient  to  provide  at  least 
one  complete  change  of  water  during  the  S-mintite  period. 

(b)  Other  types  of  beta-gamma  films:  follow  manu- 
factm-er's  instructions. 

(c)  Kodak  Personal  Neutron  Monitoring  Film,  Type  A; 
rapid  washing  is  not  recommended  for  this  type 

film. 

4.4  Drying. 

Dry  film  batch  in  film  dryer.  In  absence  of  film  dryer,  dry 
film  batch  in  a  dust-free  area  by  placing  in  current  of  air 
of  temperatures  not  exceeding  120* F. 

NOTE 

Formation  of  drying  marks  can  be  minimized 
after  washing  by  wiping  film  surfaces  care¬ 
fully  with  a  daa^  chamois  or  a  damp,  soft, 
viscose  sponge. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

lyp'^s  of  film-processing  solutions,  developing  time  and  fixing  time 
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recommended  by  film  manufacturer  for  the  specific  types  of  films 


(beta-gamma  and  neutron)  concerned 
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MSTHOD  133 

READING  OP  PROCESSED  FILMS 

1.  SCOPE. 

This  nethod  contains  procedures  for  reading  processed  beta-gamma 
and  neutron  films  and  for  evaluating  the  readings  in  terms  of 
radiati'in  dose. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Densitometer  and  accessories.  See  Method  121. 

Microscope  and  accessories.  See  Method  121. 

Graph  paper. 

Data  sheets. 

4.  PROCEDURES. 

4.1  Beta-Gaona  Films. 

4.1.1  Preparation  of  Densitometer  For  Use. 

4. 1.1.1  Turn  on  the  densitometer  approximately  one 
hour  before  using,  to  assure  meter  stability. 

Following  this  warm-up  period,  adjust  and  calibrate  densitometer  in 
accordance  with  procedures  specified  in  the  densitometex  manual.  In 
the  absence  of  such  instructions,  proceed  as  follows. 

4. 1.1. 2  Set  zero  of  densitometer  by  adjusting  the 
appropriate  knobs  so  that  the  meter  reads 


o 
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zero  when  a  leading  is  made  with  no  film  in  place.  Do  not  disturb 
the  adjustment  knobs  until  such  time  as  the  zero  is  rechecked  and 
found  to  require  adjusting. 

4. 1.1.3  Check  the  extreme  end  of  the  scale  by  blocking 
entry  of  all  light  into  the  sensitive  element 

and  noting  if  the  meter  reads  infinity.  <*. 

4. 1.1. 4  Use  the  calibration  density  wedge  in  accord¬ 
ance  with  steps  4. 1.2. 2  and  4. 1.2. 3  to  assure 

that  meter  readings  are  correct  in  terms  of  absolute  density  units. 
Select  representative  density  values  spread  out  within  the  useful 
range  of  the  densitometer.  If  densitometer  has  an  external  meter, 
select  a  calibration  density  on  the  wedge  which  falls  in  the  over¬ 
lapping  portions  of  the  scales  of  the  two  meters. 

NOTE 

The  above  adjustments  and  calibration  checks 
are  relatively  easy  to  do  when  the  densito¬ 
meter  is  operationally  sound.  When  these 
routine  adjustments  fall,  take  corrective 
action  according  to  the  detailed  instructions 
specified  in  the  densitometer  manual. 

4.1.2  Technique  of  Reading  Individual  Film. 

4. 1.2.1  Check  the  film  for  density  patterns,  evidence 
of  daMge,  evidence  of  contamination,  etc., 
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by  viewing  on  film  viewer  or  against  some  other  light  source.  Record 
on  data  sheet  any  abnormalities  noted. 

4. 1.2. 2  Place  the  film  in  the  reading  position  on 
the  densitometer,  assuring  that  the  densito¬ 
meter  light  beam  is  in  the  center  of  the  specific  film  area  (window, 
filter  A,  B,  etc.)  to  be  read. 

4. 1.2.3  Bring  down  the  sensitive  element  of  the 
densitometer,  and  press  it  firmly  on  the  film. 

Check  effect  of  varying  the  pressure.  The  pressure  applied  should  be 
sudi  that  increasing  it  should  not  result  in  a  change  in  reading. 

4. 1.2. 4  Record  density  reading  on  data  sheet. 

4. 1.2. 5  Read  other  areas  of  interest  on  the  same 


film,  in  accordance  with  steps  4. 1.2. 2  through 


4. 1.2.4. 


4.1.3  Reading  Films  of  a  Processed  Batch. 

4. 1.3.1  Piace  the  rack(5)  of  processed  films  by  the 
densitometer  and  arrange  so  that  films  may 
be  read  in  the  sequence  in  which  they  have  been  listed  in  the  data 
sheets:  controls,  calibration,  and  monitoring  films. 


A  batch  consists  of  films  which  were 


processed  together. 
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4. 1.3. 2  Control  Films.  Read  the  control  films  (both 
the  more-sensitive  and  the  less-sensitive 

ones)  in  the  rack,  in  accordance  with  the  steps  in  4.1.2.  In  general, 
take  readings  in  three  different  areas  on  eadi  film.  The  density 
reading  of  a  control  film  should  be  the  same  over  its  entire  area. 

Set  contix)!  films  aside  for  randomly  checking  densitometer  during 
reading  of  the  other  films  in  this  rack. 

4. 1.3. 3  Calibration  Films.  Read  density  of  each  area 
of  interest  (window,  filter  A,  B,  etc.)  on 

eadi  of  the  more-sensitive  and  the  less-sensitive  films  of  the  cali¬ 
bration  set,  in  accordance  with  the  steps  in  4.1.2.  Check  zero  of 
densitometer,  according  to  step  4. 1.1. 2,  on  a  frequency  dictated  by 
the  known  stability  of  the  densitometer. 

4. 1.3.4  Monitoring  Films.  Read  density  of  each  area 
of  interest  (window,  filter  A,  B,  etc.)  on 

each  of  the  more-sensitive  films  in  accordance  with  the  steps  in  4.1.2. 
Check  zero  of  densitometer,  according  to  step  4. 1.1. 2,  on  a  frequency 
dictated  by  the  known  stability  of  the  densitometer. 

NOTE 

If  a  more-sensitive  film  reading  is  off- 
scale,  read  the  corresponding  less- 
sensitive  film  of  the  same  packet.  Like¬ 
wise,  read  less-sensitive  film  if  the 
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corresponding  more-sensitive  film  of 
the  packet  has  been  lost  or  shows  evidence 
of  damage. 

4.1.4  Evaluation  of  Readings.  See  the  steps  in  5.1. 

4.2  Neutron  Films. 

4.2.1  Preparation  of  Microscope  for  Use. 

4. 2. 1.1  Follow  the  instructions  in  the  microscope 
manual,  to  prepare  it  for  use.  Also,  see  the 

steps  in  4.S  (Microscope)  of  Method  121. 

4. 2. 1.2  Assure  appropriate  lenses  with  magnification 
of  approximately  1000  x  are  in  place.  Clean 

lenses  using  lens-cleaning  tiss*ie  only. 

4. 2. 1.3  Check  to  assure  that  the  correct  square  reticle 
is  in  the  eyepiece. 

4.2. 1.4  Assure  appropriate  type  filter  is  in  place 

in  the  projection  light  system.  Clean  filter. 

4. 2. 1.5  Clean  stage  of  microscope. 

4. 2. 1.6  Check  stage-traverse  stops  (if  used)  to 
assure  that  they  are  fixed  tightly  and  in  their 

proper  positions. 

4. 2. 1.7  Clean  the  stage  film-holders  to  be  used. 

4. 2. 1.8  Use  a  test  film  (developed,  neutron  film 
which  is  known  to  have  a  good  nuidier  of  pro- 
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ton  recoil  tracks),  as  if  it  were  a  monitoring  film  to  be  read,  to 
check  movements  of  microscope  stage  and  to  check  focusing.  Use 
standard,  neutron  film  microscopy  technique  to  perform  these  checks. 

4.2.2  Neuti'on  Film  Microscopy  -  Traverse  Scanning  Technique. 

4. 2. 2.1  Secure  film  in  holder  and  place  on  stage  of 
microscope.  Assure  holder  is  properly  secured 

m  stage  of  microscope. 

4. 2. 2. 2  Move  stage  to  pre-selected  (and  standardized) 
starting  point,  (Xj,  Y^).  Slowly  lower  oil 

immersion  lens  to  about  1/4-inch  from  the  film. 

NOTE 

See  note  of  step  4. 2. 2. 6  for  criteria 
and  guides  for  determining  value  of 
the  starting  point  (X^,  Y^). 

4. 2. 2. 3  Place  drop  of  microscope  oil  on  film,  on 
spot  directly  below  lens.  Slowly  lower  the 

oil  innersion  lens  onto  the  drop  of  oil.  Adjust  X  and  Y  stage  settings, 
if  necessary,  Co  the  standard  starting  poinf,  (Xj,  Y^). 

4. 2. 2.4  Bring  microscope  to  focus  on  the  developed 
film  grains  on  the  emulsion  side  of  the  film. 

The  film  grains  will  usually  be  very  sparse.  Care  must  be  used  to 
assure  microscope  i:  properly  focused  on  emulsion. 

4.V.2.5  Move  the  stage  longitudinally  -  from  the 
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starting  point  (Xj,  to  the  preselected 
imd  standardized)  stopping  point,  (X2,  Y^)  •  focusing  in  and  out  of  the 
enulsion  and  counting  the  proton  recoil  tracks  seen  in  the  area 
scanned.  Use  digital  hand  tally  (cotLiter)  to  keep  accurate  count  of 
nuri)er  of  proton  recoil  tracks.  Assure  tally  (counter)  is  at  zero  at 
the  start  of  scanning. 


NOTE 

S*e  note  of  step  4. 2. 2. 6  for  criteria 
and  guides  for  detendning  the  value 
of  the  stopping  point  (X2,  Yi). 

The  filn  area  is  that  of  the  strip  de¬ 
fined  by  the  Bovenent  of  the  square 
recticle  froai  the  stage  starting  point, 

(*1»  Yj)  to  the  stage  stopping  point 

(X2,  Yi). 

A  track  is  defined  as  a  series  of  three 
or  aore  grains.  A  track  nay  be  either 
wholly  or  only  partially  within  the 
area  scanned.  If  a  track  is  wholly  with¬ 
in  the  reticle-scanned  area,  it  is  counted. 
A  track  which  is  only  within  the  reticle- 
scanned  area  is  counted  only  if  three  of 
its  grains  are  within  this  area.  Neutron 
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films  normally  contain  some  tracks  whidi 
are  produced  by  alpha  particles  from 
natural  (unavoidable)  thorium  impuri¬ 
ties  in  the  film.  Because  of  the 
difficulty  in  positively  identifying 
an  individual  track  as  due  to  a  thorltan 
alpha,  single  tracks  are  always  counted 
as  being  due  to  proton  recoils.  Two  or 
more  tracks  seen  to  originate  from  the 
same  point  are  considered  to  be  due  to 
alpha  particles  from  a  thorium  inclusion 
and  such  a  cluster  is  called  a  thorium 
’’star."  Tracks  (that  is,  prongs)  of  a 
"star"  are  not  counted. 

4. 2. 2.6  Lift  lens  about  1/4-inch  above  film.  Repeat 
steps  4. 2. 2. 2  through  4. 2. 2. 5,  using  the 
second  set  of  pre-selected  (and  standardized)  stage  settings;  starting 
point  (Xj,  Y2)  and  stopping  point  (X2,  Y2). 

NOTE 

The  stage  settings  (Xj,  Y^)  -  (X2,  Yj)  uid 

(Xi,  Yj)  .  (X2.  Y2)  are  selected  such  that; 

(1)  the  two  areas  scanned  are  in  the  spe¬ 
cific  portion  of  interest  on  the  film; 
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(2)  the  total  standard  area  scanned 
(i.e.,  the  sun  of  the  two  equal  areas 
scanned)  is  not  less  thin  25  fields 
of  view,  but  is  not  so  large  as  to  be 
impractical;  and  (3)  there  is  no  over¬ 
lap  of  fields  of  view  at  stage  settings 
(Xj,  Yj)  and  (Xj,  Y^). 

The  following  nay  be  used  as  a  giiide  for 
the  selection  of  the  stage  settings  (and 
hence  for  the  magnitude  of  the  fixed 
standard  area  to  be  scanned  per  film): 

Set  X^,  and  X2  such  that  they  are  1.7  cm 
apart.  This  determines  the  length  of 
each  strip  to  be  scanned.  The  width 
of  each  strip  is  determined  by  the  width 
of  the  eyepiece  reticle.  Select  a 
separation  distance  of  0.5  cm  between 
point  Yj  and  Y2.  Using  these  stage  set¬ 
tings  and  a  magnification  of  about  1000, 
the  Calibration  Factor,  CP,  for  the 
neutron  filas  would  be  expected  to  be 
of  the  order  of  5  millirem  per  proton 
recoil  track/standard  area  scanned  -  on 
the  basis  that  a  fast  neutron  flux  density 
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of  4  n/cm  -  sec  is  equivalent  to  a  dose 
rate  of  1  millirem/hr.  The  number  of 
"background"  tracks  expected  in  such 
an  area  of  a  control  film  from  a  fresh 
batch  would  be  an  average  of  one  or  two. 

As  the  film  ages,  however,  the  number  of 
"background"  tracks  may  be  expected  to 
increase. 

4. 2. 2. 7  Record  on  data  sheet  for  each  film,  the  total 
number  of  proton  recoil  tracks  counted  in 
the  standard  area  scanned. 


NOTE 

The  "discrete-fields"  microscopy  tedmique 
is  essentially  the  same  as  that  of  the 
"traverse  scanning"  technique  described 
above.  In  the  discrete-fields  technique, 
the  total  nuBfcer  of  proton  recoil  tracks 
are  counted  in  a  given  number  (usually  25) 
of  discrete  (separate  and  non-overlapping) 
and  equal-area  fields  of  view. 

4.2.3  Reading  Filits  of  a  Processed  Batch. 

4.2.3. 1  Place  the  rack(s)  of  processed  films  by  the 
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microscope  and  arrange  so  that  films  may  be 
read  in  the  sequence  in  which  they  have  been  listed  in  the  data  sheets: 
controls,  calibration,  and  monitoring  films.  Also,  place  by  the  micro¬ 
scope  the  accessories  required  during  reading:  digital  hand  tally 
(counter),  microscope  oil  dropper,  lens  tissue  paper,  absorbent  cotton, 
etc. 

4. 2. 3. 2  Head  each  film  in  the  batch  in  accordance 

with  the  standard  procedure  described  in  the 
steps  in  4.2.2.  Assure  digital  hand  tally  (counter)  is  at  tero  at  the 
start  of  scanning  of  each  fil'.. 


NOTE 

Do  not  read  films  for  prolonged  periods. 

Space  readings  in  sessions  such  that  a 
rest  period  from  the  microscope  is  taken 
between  sessions,  and  any  one  reading 
session  does  not  exceed  one  hour. 

4.2.4  Evaluati.in  of  Readings.  See  steps  5.2. 

4.3  Storage  of  Processed  Films. 

4.3.1  After  they  have  been  read,  package  processed  films 
(control,  calibration,  monitoring)  from  a  given 
monitoring  (wearing)  period  in  suitable  cont8iner(s)  such  as  empty 
film-packet  packages  or  pressure-sealed  cans,  and  clearly  identify 
the  contents  by  marlting  the  outside  of  the  containers  with  pertinent 
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information  such  as:  (a)  "Processed  Beta-Gamma  Films";  (b)  Monitor¬ 
ing  Period  (inclusive  dates);  and  (if  more  than  one  container  is  used 
for  the  batch)  Film  No.  _ thru  No.  . 

4.3.2  Store  processed  film  packages  in  a  cool,  dry  location 
removed  from  fire  hazards. 

4.3.3  Retain  these  films  until  such  time  as  specific 
authorization  is  given  to  exchange  (see  Method  121) 

or  destroy  them. 

5.  RESULTS  AND  COMPUTATIONS. 

5.1  Beta-Gamma  Films. 

5.1.1  Control  Films. 

5. 1.1.1  Compute  the  ave  age  density  of  the  more- 
sensitive  control  films  of  the  batch,  from 

the  recorded  readings  obtained.  Record  this  computed  value  on  data 
sheet . 

5. 1.1. 2  Compute  the  average  density  of  the  less- 
sensitive  control  films  of  the  batch  from 

the  recorded  readings  obtained.  Record  this  computed  value  on  data 
sheet . 

5.1.2  Calibration  Films. 

5. 1.2.1  From  each  recorded  reading  (total  density) 
of  the  more-sensitive  films  sii>tract  the 
average  density  of  the  more-sensitive  control  films  as  determined  in 
step  5. 1.1.1.  Enter  results  on  the  data  sheet  as  "net  density". 
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5. 1.2. 2  From  each  recorded  reading  (total  density) 
of  the  less-sensitive  films  subtract  the 

average  density  of  the  less -sensitive  control  films,  as  determined  in 
step  5. 1.1. 2.  Enter  results  on  data  sheet  as  "net  density". 

5. 1.2. 3  Plot  on  graph  paper  the  calibration  curve 
(Dose  Versus  Net  Density)  for  each  specific 

film  badge  area  (window,  filter  A,  B,  etc.)  of  the  more-sensitive 
films.  Use  the  horizontal  (X)  axis  for  "Dose"  and  the  vertical  (Y) 
axis  for  "Net  Density". 

NOTE 


Calibration  curves  for  the  less-sensitive 
films  are  plotted  in  the  same  manner. 
These  curves,  however,  are  generally 
not  plotted  unless  they  are  actually 
required. 


5.1.3  Monitoring  Films. 

5. 1.3.1  From  each  recorded  reading  (total  density) 
of  the  more-sensitive  films  subtract  the 

average  density  of  the  more-sensitive  control  films  as  determined  in 
step  5.1. 1.1.  Enter  results  on  data  sheet  as  "net  density". 

5. 1.3. 2  From  each  recorded  reading  (total  density) 
of  the  less-sensitive  films  subtract  the 

average  density  of  the  less-sensiti”e  control  films  as  determined  in 
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step  5. 1.1.2.  Enter  results  on  data  sheet  as  "net  density". 

5. 1.3. 3  Use  appropriate  calibration  curves  and  pro¬ 
cedures  applicable  to  the  specific  type  of 

film  badge  concerned,  to  determine  the  gamma  dose  and  the  beta  dose 
corresponding  to  the  positive  "net  density"  values  on  a  given  film. 

5. 1.3. 4  Enter  these  dose  values  in  the  appropriate 
columns  of  the  data  sheets. 

5.2  Neutron  Films. 

5.2.1  C(mrpute  the  average  "total  count"  of  the  control  films 
of  the  batch,  from  the  recorded  readings  obtained. 

Rotvid  off  this  computed  value  to  the  nearest  whole  number  and  record 
it  on  data  sheet  as  the  "background  count"  (number  of  background  tracks 
in  standard  area  scanned  per  control  film)  applicable  to  the  batdt. 

5.2.2  Calibration  Films. 

5. 2. 2.1  Subtract  from  each  recorded  "total  count" 
the  "background  count"  determined  in  step 

5. 2. 1.1.  Enter  results  on  data  sheet  as  "net  count". 

5. 2. 2. 2  Compute  for  each  calibration  neutron  film  its 
corresponding  Calibration  Factor,  (CF) ,  by 

using  the  following  equation; 

_  _ Dose  fMillirem)  _ 

"  *'Net  Count"  ^PR  Tracks/Std.  Area^ 

Where  Dose  (Millirem)  ■  the  known  fast 

neutron  dose  given  to  that  film  (and 
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recorded  on  the  data  sheet)  "Net 
Count"  (PR  Tracks/Std.  Area)  ■  the 
"Net  Count"  of  that  fila  as  detemined 
in  step  S.2.2.1. 


Enter  the  confuted  values  of  (CP)  on  the  data  sheet. 

5. 2. 2. 3  Coiiq}ute  the  average  value  of  the  individual 
Calibration  Factors  ICP),  determined  in 

step  5. 2. 2. 2.  Enter  this  computed  average  value  on  the  data  sheet 
as  the  Calibration  Factor  (CF)  applicable  to  the  neutron  film  batch. 

(Millirem) 

(CF)  ■ 

5.2.2.4  Fill  out  a  card  (e.g.,  a  3"  x  5")  indicating 
the  value  of  the  Calibration  Factor  (CF) , 

the  date,  and  neutron  film  packet  emulsion  nuni)er.  Post  this  card 
by  the  microscopy  setup.  Replace  and  destroy  this  card  when  it  is  no 
longer  valid. 

5.2.3  Monitoring  Films. 

5. 2. 3.1  Sid>tract  from  each  recorded  "total  count",  the 
"background  count"  ds^terminod  in  step  5. 2. 1.1. 

Enter  results  on  data  sheet  as  "net  count".  Enter  negative  values, 
if  any,  as  zero. 

5. 2. 3. 2  Use  the  following  equation  to  compute  the 
fast  neutron  dose  corresponding  to  each  "net 
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count"  value  determined  in  step  5. 2. 3.1,  and  enter  the  results  in  the 
appropriate  column  of  data  sheet. 

Past  Neutron  Dose  (millirem)  ■ 

Net  Count x  Calibration  Factor  (or  Track/Std.  Area^ 

wher?  the  Calibration  Factor  has  the  value  computed  in  step  5. 2. 2. 3 
for  that  film  batch. 

NOTE 

Under  certain  circumstances,  it  may  be 
deemed  desirable  that  a  particular  monitor¬ 
ing  film  be  scanned  over  an  area  which  is 
either  smaller  or  larger  than  the  standard 
area.  For  example,  an  area-monitoring  film 
may  have  such  a  high  track  density  that  it 
would  be  an  arduous  task  to  count  the  tracks 
over  an  entire  standard  area.  If  the  tracks 
on  such  a  film  are  counted  for  only  half 
(one  strip)  of  ch.?  standard  area,  multiply 
this  count  by  a  factor  of  two  to  obtain 
the  'Total  Count"  for  a  whole  standard  area. 

Similarly,  if  a  film  of  very  low  track  den¬ 
sity  is  scanned  over  an  area  twice  that  of 
the  standard  area,  divide  the  total  nunber 
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of  tracks  by  a  factor  of  two  to  obtain 
the  "Total  Count"  for  a  standard  area. 

From  this  computed  "Total  Count"  sub¬ 
tract  the  "Background  Count",  to  obtain 
the  "Net  Count"  (per  standard  area); 
and  use  the  above  equation  to  convert 
the  "Net  Count"  to  "Fast  Neutron  Dose". 

Counting  of  tracks  over  an  area  smaller 
than  the  standard  area  is  to  be  dis¬ 
couraged,  except  for  particularly 
unusual  situations  in  which  the  track 
density  of  a  film  is  exceedingly  high. 

It  is  always  best  to  count  tracks  over 
one  entire  standard  area.  Extreme  care  is 
to  be  exercised  in  deviating  from  the 
standard  procedures,  in  order  to  avoid 
possible  errors.  Data  on  films  scanned 
over  areas  other  than  the  standard  one 
are  to  be  specifically  designated  as 
such  in  the  data  sheets. 


5.3  Records  and  Reports. 

5.3.1  Immediately  report  to  proper  authority,  in  accordance 
with  the  plant  technical  manual,  any  doses  in  excess 
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of  the  maxlmvm  permissible  value  for  the  film  monitoring  period  con¬ 
cerned  (see  Method  111,  Ref.  6.1  and  6.2). 


5.3. 2  Retain  the  film-reading  data  sheets  and  film  calibration 
data  and  curves  in  a  notebook  to  be  used  exclusively 

for  and  labeled,  "Film  Data  -  Readings  and  Calibration".  Keep  this 
notebook  in  a  safe  place.  The  data  it  contains  i*epresent  valuable 
records . 

5.3.3  Transfer  dose  readings  of  monitoring  films  from  data 
sheets  to  record  forms  as  specified  in  the  plant 

technical,  manual. 

5.3. 4  Prepare  and  submit  radiation  exposure  reports  as 
specified  in  applicable  plant  document  (see  Method 

111,  Ref.  6.1  and  6.2). 


I 


6.  TEST  METHOD  iMPLEMEm’ATION. 

The  plant  technical  manueu  specifies: 

(a)  Specific  procedures  for  the  conversion  of  measured  values  of 
film  "net  density"  to  dose  units,  applicable  to  the  specific  type(s) 
of  beta-gannna  film  badges  used  by  the  plant. 

(b)  Criteria  and  procedures  for  reporting  overexposures. 
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METHOD  141 

ISSUANCE  OF  POCKET  DOSIMETERS 
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1.  SCOPE. 

This  method  contains  procedures  for  the  routine  issuance  of  self¬ 
reading  pocket  dosimeters. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Stock  of  self-reading,  gamma  dosimeters: 

(a)  low-range  (200  mr). 

(b)  Medium- range  (5  R) . 

(c)  Higi. -range  (200  R). 

Stock  of  self-reading,  thermal  neutron  dosimeters,  low- 
range  (200  millirem). 

Dosimeter  chargers. 

Forms . 

4.  PROCEDURES. 

4.1  Stock. 

4.1.1  Determine,  on  the  basis  of  usage  requirements  and 

as  Indicated  in  the  plant  technical  manual,  the  min¬ 
imum  number  of  each  t^n^e  dosimeter  to  maintain  on  hand.  Take  into 
account  such  factors  as  possible  losses,  damages,  increased  require¬ 
ments  during  special  operations,  and  potential  emergencies. 
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4.1.2  Assure  dosimeters  in  stock  are  tested  for  charge- 
leakage  and  calibrated  on  a  frequency  specified  in 
the  plant  technical  manual  and  in  accordance  with  procedures  in 
Method  143. 

4.2  Issuance.  Issue  to  an  individual  the  appropriate  type(s) 
of  dosimeters  in  accordance  with  criteria  specified  in 
the  plemt  technical  manual  or  as  specified  on  the  applicable  Radiation 
Wort  Permit  (RWP),  or  as  indicated  by  the  radiological  condition 
concerned. 


NOTE 

Dosimeters  are  used  normally  to 
supplement  (not  to  replace)  the 
film  badges. 


4.2.1  Personal  Dosimeters. 

4. 2. 1.1  Assure  dosimeter  is  in  operable  condition 
and  within  its  calibration  date.  Zero 

dosimeter,  according  to  Procedures  of  Method  142. 

4. 2. 1.2  Label  dosimeter  with  the  same  serial  number 
as  the  film  badge  of  the  person  to  whom  it 


is  issued. 


4. 2. 1.3  Record  in  appropriate  form:  The  person's 
name,  dates  of  issuance,  calibration,  and 
charge- leakage  test,  assigned  serial  number,  and  the  manufacturer's 
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serial  number.  File  completed  form. 

4. 2. 1.4  Fill  out  Information  specified  on  the  form 
which  is  used  to  record  dosimeter  readings  and 

place  it  at  the  personal  dosimeter  recording  station. 

4.2. 1.5  When  individual  first  reports  for  duty, 
brief  him  on  the  policy  and  procedures  con¬ 
cerning  wearing  of  the  particular  type(s)  dosimeters  issued  to  him, 
in  accordance  with  applicable  plant  document.  Instruct  individual 
on  where  and  how  to  clip  dosimeter  on  his  clothing,  use  of  dosimeter 
board,  reading  and  zeroing  of  dosimeter,  recording  dosimeter  readings^ 
and  reporting  requirements  (off-scale  readings,  etc.).  Also,  inform 
him  of  other  personnel  dosimetric  devices  available. 

4.2.2  General  Dosimetei*s. 

4.2.2. 1  Assure  dosimeters  are  in  an  operable  condition 
and  within  their  calibration  date  and  that 

their  initial  reading  is  less  than  50  mr  at  time  of  issuance  to 
individuals  or  at  time  dosimeters  are  placed  in  dispenser  from  which 
individuals  may  obtain  them  for  use  as  required. 

4. 2. 2. 2  Maintain  dosimeter  charger(s)  of  the  appro¬ 
priate  type(s)  at  each  general  dosimeter 


dispenser. 


4. 2. 2. 3  Have  dosimeter  users  enter  information 

specified  in  the  appropriate  form  (generally’ 


a  Radiation  Work  Permit)  concerned. 
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4.3  Monitoring  Period. 

4.3.1  Read  personal  dosimeters,  zero  them  (if  required), 
and  record  their  readings  as  specified  in  the  plant 
technical  manual.  For  routine  use,  the  monitoring  period  for  dosimeters 
is,  generally,  one  working  day.  For  specific  operations  and  for 
entries  into  areas  requiring  a  Radiation  Work  Permit  (RWP) ,  the 
monitoring  period  is  the  duration  of  the  continuous  exposure;  that 
is,  the  time  interval  between  entrance  to  and  subsequent  departure 
from  the  work  area  via  the  control  point,  hltile  in  areas  of  high 
dose  rates,  the  individual  wearer  is  to  read  his  dosimeter  at  inter¬ 
vals  dictated  by  the  level  of  the  radiation  fields  involved  so  that 
he  will  not  receive  a  dose  in  excess  of  the  applicable  limit. 

5.  RESULTS  AND  COMPUTATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies: 

(a)  Criteria  for  the  issuance  and  use  of  the  various  types  of 
self-reading  dosimeters  (gamma  dosimeters  and  thermal  neutron  dosi¬ 
meters)  . 

(b)  Routine  monitoring  period  for  dosimeters. 

(c)  Operational  exposure  limits  (as  indicated  by  pocket  dosi¬ 
meter  records)  for  control  periods  shorter  than  the  monitoring 
period  of  film  badges. 

(d)  Dosimeter- indicated  dose  value  at  which  an  individual's 
film  badge  must  be  exchanged  and  processed. 
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METHOD  142 

READING  OF  POCKET  DOSIMETERS 


1.  SCOPE. 

This  method  contains  procedures  concerning  the  reading  of 
pocket  dosimeters. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Self-reading  dosimeters. 

Dosimeter  chargers. 

Forms. 

4.  PROCEDURES. 

4.1  Zeroing  of  Dosimeter. 

4.1.1  Zero  dosimeter  at  beginning  of  each  monitoring 

period,  or  otherwise  read  it  directly  and  record 
initial  reading  in  appropriate  foim,  in  accordance  with  the  plant 
technical  manual. 


NOTE 

If  zeroing  dosimeter  at  beginning  of  each 
monitoring  period  is  not  required,  assure 
th^t  initial  reading  is  not  a  negative  one 
(that  is,  to  the  le/t  of  "zero"),  or  that 
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it  is  not  more  than  SO  on  a  200- 
millirem  dosimeter.  If  so,  zero  the 
dosimeter.  A  high  initial  reading 
reduces  the  usable  range  of  the  dosi¬ 
meter. 

4.1.?  Follow  the  manufacturer's  instructions  to  zero  the 

dosimeter  with  the  appropriate  ty^pe  d.arger.  Gen¬ 
erally  this  is  done  as  follows: 

4. 1.2.1  Remove  dust  cap  from  the  charging  socket 
of  the  charger. 

4. 1.2. 2  Insert  charging  contact  end  of  dosimeter 
firmly  in  the  charging  socket  of  the  charger. 

4. 1.2. 3  Rotate  potentiometer  knob  on  the  charger 

to  switch  on  the  light  which  shines  through 

the  charging  socket. 

4. 1.2. 4  View  fiber  image  through  the  optical  eye¬ 
piece  of  the  dosimeter. 

4. 1.2. 5  Rotate,  slowly,  the  potentiometer  knob  on 
the  charger  until  the  fiber  image  on  the 

dosimeter  scale  is  brought  to  zero. 

4. 1.2. 6  Remove  dosimeter  from  the  charger  and  read 
dosimeter  directly  by  holding  it  up  to  a 

source  of  light  (window, overhead  light,  etc.). 
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NOTE 

Due  to  contact  potential,  the  fiber 
may  "spring"  off  lero  when  dosimeter 
is  removed  from  charger.  If  this 
initial  reading  is  objectionable 
(according  to  step  4.1.1  above),  re¬ 
peat  the  zeroing  procedures  making 
allowance  for  the  extent  of  the  ex¬ 
pected  "spring"  of  the  fiber  upon 
removal  of  the  dosimeter  from  the 
charger. 


4. 1.2. 7  Rotate  potentiometer  knob  to  switch  off  the 
charger  light  and  replace  dust  cap  on 

diarging  socket. 

4.2  Reading  of  Dosimeter. 

4.2.1  Read  dosimeter  directly,  by  holding  it  up  to  a  light 
source  and  looking  into  the  optical  eyepiece.  Read¬ 
ings  by  the  user  are  to  be  made  as  frequently  as  required  by  the 
radiation  levels  concerned,  and  always  at  the  end  of  the  monitoring 
period  as  specified  in  the  plant  technical  manual. 

NOTE 

Do  not  use  ch,'»rger  to  read  dosimeters. 
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4.2.2  Enter  dosimeter  readings  in  apnronriate  form,  in 
accordance  with  the  plant  technical  manual. 

4.2.3  Use  dosimeter  being  worn  and  previously  recorded 
doses  to  ensure  that  dose  limits  specified  in  the 

plant  technical  manual  are  not  exceeded. 

4.3  Off-Scale  Dosimeter  Reading. 

4.3.1  Investigate  off-scale  dosimeter  readings.  Generally, 
the  beta- gamma  film  packet  in  the  film  badge  of  an 

individual  having  an  off-scale  gamma  dosimeter  reading  is  immediately 
exchanged  and  processed,  in  order  to  determine  the  dose  received. 

NOTE 

An  off-scale  dosimeter  reading  could 
be  due  to  shock  from  dropping  the 
dosimeter,  or  to  excessive  charge 
leakage  through  a  faulty  insulator. 

4.4  Dosimeter- Film  Badge  Relationship. 

4.4.1  Exchange  (Method  110)  and  process  an  individual's 
film  badge  at  any  time  that  his  dosimeter  or  his 

cumulative  dosimeter  dose  record  for  the  current  film  monitoring 
period  indicates  that  the  applicable  dose  limit  specified  in  the  plant 
technical  manual  has  been  exceeded. 

4.4.2  Compare  dosimeter  readings  with  the  corresponding 
film  bad^e  data. 
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4.5  Records. 


4.5.1  Maintain  cumulative  dosimeter  dose  records  on  appro¬ 
priate  forms  in  accordance  with  the  plant  technical 


manual. 


4.5.2  'Jse  corresponding  dosimeter  records  when  film  badges 
are  missing,  lost,  or  defective.  In  such  cases, 
indicate  (by  means  of  footnote,  or  remark)  that  readings  are  from 
pocket  dosimeters. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies: 

(a)  Policy  concerning  wearing  of  dosimeters. 

(b)  System  of  dosimeter  zeroing,  reading,  and  recording  at 
beginning  and  end  of  specified  monitoring  period.  Specifically,  this 
will  indicate  whether  these  functions  are  done  by  the  individual  user 
or  by  assigned  health  physics  personnel. 

(c)  Dosimeter- indicated  dose  (during  a  given  monitoring  period) 
whidi  will  require  that  film  badge  of  individual  be  immediately  ex¬ 
changed  and  processed. 

(d)  Operational,  radiation  exposure  limits  or  guides. 
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METHOD  143 

CARE  AND  MAINTENANCE,  OlARGE- LEAKAGE  TEST,.  AND  CALIBRATION  OF 

POCKET  DOSBffiTERS 


1.  SCOPE. 

This  method  contains  procedures  fox  the  care  and  maintenance, 
charge- leakage  test,  and  calibration  of  self-reading  pocket 
dosimeters. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Dosimeter  chargers. 

Ganasa  calibration',  facility. 

Thermal -neutron  calibration  setup. 

Data  sheets. 

Clock. 

4.  PROCEDURE. 

4.1  Care  and  Maintenance. 

4.1.1  Handle  dosimeters  with  care.  These  instruments  are 
delicate  and  relatively  expensive. 

4.1.2  Clean  optical  eyepiece  of  dosimeter  with  lens  tissue 
paper,  as  often  as  required  and  just  prior  to  its 

charge- leakage  test  and  calibration.  Also,  visually  inspect  its 
l^ysical  (including  optical)  condition. 
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4.1.3  Contamination  Check.  Check  dosimeters  for  both  loose 
and  fixed  contamination,  by  means  of  procedures 

specified  in  Method  512  and  according  co  the  following  schedule: 

(a)  Dosimeters  in  use;  check  as  often  as  dictated 

by  the  possibility  of  thv*ir  becoming  contaminated, 
(h)  General  dosimeters  in  dispensers;  check  on  a 
routine  weekly  basis. 

(c)  All  dosimeters;  check  just  prior  to  their 
charge- leaicage  test  and  calibration. 

4.1.4  Contaminated  Dosimeters. 

4.1.4. 1  Replace  immediately,  with  ar.  equivalent 

dcsimeter  from  stock,  any  personal  or  general 
dosimeter  found  to  be  centamlnated. 

4.1.4.J  Handler  set  aside  and  label  contaminated 
dosihieters  in  accordance  with  applicable 
radiological  safety  rules  cJtablished  by  plant  dociunenta  snd  in 
accordance  with  requirements  of  Section  200. 

4.1.5  Decontam  ion.  Decontaminate  and  clean  dosimeters, 
as  necessary,  by  removsn®;  clip  and  washing  both  the 

barrel  and  clip  with  soap  and  water  Observe  applicable  radiological 
safety  practices  and  rules.  Fxercise  care,  particularly  with  the 
charging  end  of  the  dosimetors.  Follow  instructions  specified  by 
manufacturer. 

4.1.6  fX,-fective  Dosimeters. 


» 
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4. 1.6.1  Immediately  replace  and  tag  dosimeters  when 
found  to  be  defective.  Write  on  tag:  word 
"defective",  nature  of  defect  (e.g.  "Broken  Fiber"),  date,  and 
initials  of  cognizant  person. 


e 

o 

o 

o 


NOTE 

Do  not  attempt  corrective  maintenance. 

Dosiineters  are  hermetically  sealed. 

No  corrective  maintenance  can  be 
performed  in  the  field. 

4. 1.6.2  Handle  disposition  of  defective  dosimeters 
in  accordance  with  instructions  in  the  plant 

technical  manual. 

4.2  Charge-Leakage  Test.  Carry  out  steps  4.1.2  and  4.1.3 
prior  to  testing  dosimeters  for  charge  leakage.  Check 
dosimeters  for  charge  leakage  as  described  below: 

4.2.1  Zero  dosimeters  according  to  Method  142.  Record  in 
appropriate  data  sheet,  the  date  and  time  of  zeroing 

and  the  dosimeter  serial  nunbers. 

4.2.2  Store  dosimeters  in  a  radiation-free  area  for  a 
period  of  24  hours  (or  longer) .  The  length  of  this 

storage  period  should  be  at  least  as  long  as  the  longest  dosimeter 
monitoring  period,  as  established  in  the  plant  technical  manual. 

4.2.3  Read  dosimeters  at  end  of  storage  period,  directly. 
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by  holding  each  one  up  to  a  source  of  light  (window, 
light  fixture,  etc.)  and  looking  through  the  optical  eyepiece. 

NOTE 

Do  not  use  charger  to  read  the  dosimeters. 

4.2.4  Enter  dosimeter  readings  and  date  and  time  of  reading 
on  data  sheet. 

4.2.5  Determine  rate  of  charge  leakage  in  millirem  per 

24  hours,  for  each  dosimeter  given  this  static  test 
and  enter  these  values  on  data  sheet.  Also  enter  on  data  sheet,  che 
name  or  initials  of  tester. 

4.2.6  Separate  those  dosimeters  whose  rate  of  charge  leak¬ 
age  exceeds  10  millirem  per  24  hours.  Tag  each  of 

these  dosimeters  as  being  ’’leaky”  and  mark  tag  with:  leakage  rate; 

”  mreiii/24  hour  static  test”;  date  of  test;  and  initials  of 
tester.  Do  not  use  these  dosimeters.  Set  them  aside  for  further 
testing,  or  disposition,  as  specified  in  the  plant  technical  manual. 
4.3  Gamma  Calibration. 

4.3.1  Check  dosimeters  for  charge  leakage  in  accordance 
with  procedures  specified  in  steps  4.2.  Proceed  with 

following  steps,  to  calibrate  only  those  dosimeters  which  have 
successfully  passed  the  charge- leakage  test. 

4.3.2  Select  tie  value  of  the  calibration-test  dose,  D, 
for  each  specific  type  of  dosimeter  to  be  calibrated. 
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For  low-range  (200  mr)  dosimeters,  a  dose  of  100  mr,  corresponding 
to  midscale,  is  the  calibration-test  value  which  is  generally  selected. 
For  higher  range  dosimeters,  the  calibration-test  dose  can  be  deter¬ 
mined  on  the  basi.5  of  the  dose  range  of  actual  interest,  the  cali¬ 
bration  dose  rates  available,  time  element,  and  other  operational 
factors  involved.  It  is  not  absolutely  necessary  that  the  calibration 
dose  correspond  to  midscale.  Record  selected  values  of  D  on  appro¬ 
priate  dosimeter-caliuration  data  sheet. 

4.3.3  Determine  the  current  value  of  the  gamma  exposure 
dose  rate,  R,  (in  mr/hr  or  R/hr)  at  the  dosimeter 

calibration  positions  on  the  fixed -geometry  calibration  setup.  These 
values  are  determined  from  data  obtained  during  an  actual  calibration 
of  the  dose  rates  at  these  points,  carried  out  on  a  known  date. 

See  Method  123  for  details.  Hnter  pertinent  data  and  computations 
(if  any)  on  calibration  data  sheet. 

4.3.4  Use  the  following  equation  to  compute  the  required 
exposure  time,  t: 


'  ■  ~R  tXur) 


'.Nbere  D  »  the  value  of  the  desired  dose  for  the 

calibration  test,  in  roentgens,  selected 
in  step  4.3.2. 

R  ■  Current  exposure  dose  rate  (r/hr)  at  the 

calibration  point,  as  determined  in  step  4. 3.  3 


143-5 


1  July  1066 


Health  Physics- 
Process  Control 


D  and  R  may  also  be  expressed  in  units  of  mr.  Enter  computations  and 
values  of  t  on  data  sheet. 

4.3.5  Zero  dosimeters,  as  specified  in  Method  142.  Enter 
on  calibration  data  sheet  the  serial  numbers  of 

dosimeters  to  be  calibrated,  and  their  initial  readiigs  (which  should 
normally  be  zero). 

4.3.6  Place  dosimeters  in  their  calibration  positions  in 
the  calibration  setup. 

CAirriON 

The  source  must  be  in  its  shielded  container 
when  this  step  is  carried  out.  See  Method 
123  for  radiological  safety  aspects  con¬ 
cerned. 

4.3.7  Start  exposure  of  dosimeters.  This  is  at  the  time  the 
source  begins  irradiating  at  its  designated,  fixed 

location  in  the  calibration  setup. 

4.3.8  Note  and  record  starting  time  of  exposure.  Use 
accurate  clock  for  measuring  exposure  time,  t. 

Alarm  type  (darkroom)  timer  may  be  used  in  conjunction  with  do:' 
to  alert  operator  when  end  of  exposure  is  near. 

4.3.9  Stop  exposure  at  the  end  of  the  required  exposure 
time,  t,  by  removing  point  source  from  exposure 
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position  and  replacing  it  in  its  shielded  container;  or  by  replacing 
shielded  plug  of  the  broad-beam  calibration  range.  Record  on  data 
sheet  the  time  of  end  of  exposure. 


For  self-contained,  specially  designed 
dosimeter  calibrator,  exposure  of  a 
dosimeter  is  normally  stopped  by  re¬ 
moval  of  the  dosimeter  from  the  cali¬ 
bration  hole  in  the  calibrator.  Refer 
to  specific  instructions  provided  with 
such  a  calibrator. 


4.3.10  Remove  dosimeters  from  the  calibration  setup.  Read 
dosimeters  right  away.  Record  final  readings  in  the 

appropriate  column  of  the  calibration  data  sheet.  Compute  and 
record  on  data  sheet,  the  dosimeter-inoicated  doses  (i.e.,  final 
reading  minus  initial  reading) . 

4.3.11  Use  the  data  obtained  above  and  the  following 
equation  to  compute  the  percent  deviation  for  each 

dosimeter  calibrated. 


Per  Cent  Deviation  ■ 

(Dosimeter  Indicated  Estimated  Dose)  -  (Actual  Dose  Received) 

(Actual  Dose  Received)  x  100 
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where  the  dosimeter  estimated  dose  and  the  actual  dose  received  are 
b^pressed  in  the  same  units. 

4.3.12  Record  computed  results  on  data  sheet.  Use  plus  or 
minus  sign  as  appropriate. 

4.3.13  Immediately  tag  every  dosimeter  whose  per  cent 
deviation  exceeds  the  allowable  limits  of  -  10%  to 

*  20%.  Mark  on  the  tag:  "faulty";  calibration  date;  per  cent 
deviation;  and  initials  of  person  who  performed  the  calibration. 

Do  not  use  these  dosimeters.  Set  them  aside  for  further  testing, 
or  disposition,  as  indicated  in  the  plant  technical  manual. 

EXAMPLE 

Dosimeter  calibration  data  for  low-range 
(200  mr)  self-reading  dosimeter: 

(a)  Selected  calibration  test  dose, 

D  ■  100  mr. 

(b)  Known  dose  rate,  R,  at  cali¬ 
bration  position  ■  250  mr/hr. 

(c)  Calibration  exposure  time, 

D  100  mr  ^  , 

t  -  R  "  250“m7/Hr  "  ’ 

0.4  hr  X 

(d)  Initial  dosimeter  reading  ■  0  mr. 

(e)  Actual  dose  received  *  R  x  t  ■ 

250  mr/hr  x  0.4  hr  ■  100  mr  •  D. 
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(f)  Final  reading  ■  7S  ar. 

(g)  Dos iaeter- Indicated  Dose  ■  75  - 
0  ■  75  mr. 

(h)  Per  cert  deviation  ■  75  -  100  x 

100 

100  -  -25%. 

(i)  Action:  The  percent  deviation 
of  this  dosimeter  exceeded  the 
allowable  limits  of  -10%  to 
■»'20%.  It  was  therefore 
immediately  tagged  and  set  aside 
in  accordance  with  step  4.3.13 
above. 


4.4  Thermal  Neutron  Calibration. 

Thermal  neutron  calibration  of  the  200  millirem  thermal- 
neutron  pocket  dosimeter  involves  the  use  of  a  specially 
designed  thermal-neutron  calibration  device.  The  thermal -neutron 
dose  rate,  R  (millirem/hour) ,  at  each  of  the  dosimeter  calibration 
locations  is  kno^m  from  an  actual  calibration  of  the  device;  and 
these  values  are  stated  in  the  calibration  certificate  of  the  device. 
Follow  written  procedures  specifically  prepared  for  the  use  of  such 
a  device.  Except  for  the  difference  in  the  type  of  calibration 
source,  however,  the  procedure  for  calibrating  the  thermal -neutron 
dosimeters  is  identical  to  the  gamma  calibration  procedure  specified 
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in  steps  4.3  above. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPI3«ENTATI0N. 

The  plant  technical  manual  specifies: 

(a)  Length  of  Icmgest  dosimeter  monitoring  period. 

(b)  Frequency  of  charge -leakage  tests  and  calibration. 

(c)  Maximum  allowable  charge- leakage  for  static  and  shake 
tests. 

(d)  Disposition  of  defective  dosimeters. 


♦ 
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SECTION  200  -  RADIOACTIVE  MATERIALS  CONTROL 
The  shipnoient  of  radioisotopes  should  be  made  in  accordance  with 
Interstate  Commerce  Commission  Regulations  and  with  any  further  specific 
restrictions  of  authorized  distributors  of  radioactive  material.  The  formal 
regulations  include  interstate  rail,  truck,  and  water  transportaticn.  Trans¬ 
portation  by  air  operates  under  an  interim  arrangement. 

Each  laboratory  or  institutioa  should  have  a  central,  controlled  storage 
locaticn  for  incoming  Isotope  shipments.  Minimum  amounts  of  active  mate¬ 
rial  necessary  for  the  intended  processing  should  be  taken  from  this  store 
and  any  excess  promptly  returned  after  the  operation.  Movements  of  milli- 
curle  or  greater  amounts  should  be  governed  by  written  transfers.  Each 
laboratory  supervisor  is  then  made  aware  of  the  total  activity  problem  in  his 
group.  Transfrrs  from  the  central  store  to  each  laboratory  should  be  made  in 
properly  shielded  containers,  and  liquid  shipments  should  be  protected 
against  spills.  Within  the  laboratory,  the  active  material  shall  be  kept  in 
a  designated  safe  work  place.  Transfers  from  one  place  to  another  should 
be  reduced  to  a  minimum,  and  when  necessary  should  be  made  with  shielding 
adequate  to  protect  all  personnel  in  the  laboratory.  The  general  rules  for 
such  shielding  may  be  deduced  front  the  regulations  prescribed  for  the  ship¬ 
ment  of  isotopes  outside  the  laboratory. 
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METHOD  211 

STORAGE  OF  RADIOACTIVE  MATERIAL 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  requirements  for 
storage  of  radioactive  material. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Not  Applicable. 

4.  PROCEDURES. 

4.1  Storage  Area  Requirements. 

4.1.1  Radioactive  materials  shall  preferably  be  stored  in 
specifically  designated  separate  rooms  or  buildings 

secured  against  unauthorized  entry  and  used  only  for  the  storage, 
inventory,  inspection,  and  movement  of  radioactive  materials  as  is 
necessary. 

4.1.2  When  separate  storage  facilities  are  not  available, 
a  suitable  controlled  area  may  be  designated  by  the 

plant  OIC.  Existing  non-radioactive  storage  facilities  may  be  uti¬ 
lized  for  radioactive  storage,  provided  the  material  is  isolated 
from  other  stock  and  is  kept  within  fire  resistant  buildings  or 

within  fire  resistant  enclosures  secured  against  unauthorized 
entry. 


211-1 


1  July  1966 


Health  Physics- 
Process  Control 

4.1.3  Based  upon  approval  of  the  Officer  In  Hiarge,  cer¬ 
tain  materials  may  be  stored  in  isolated  outdoor 

areas.  These  areas  shall  be  suitably  posted,  and  containers  of 
materials  shall  be  protectee  against  the  weather. 

4.1.4  Radioisotopes  in  which  a  gas  is  formed  in  the  decay 
cycle,  such  as  radium  which  decays  to  the  gas  radon, 

shall  not  be  stored  in  the  same  room  or  other  enclosure  with  other 
radioisotopes.  Areas  containing  a  source  of  such  radioactive  gas 
shall  be  continually  ventilated  to  the  outside  atmosphere,  either 
by  mechanical  means  or  n.T^ural  cross-ventilation.  Filters  or  scrub¬ 
bing  devices  shall  be  installed  wherever  the  possibility  exists 
that  radioactive  gases  will  be  released  to  the  environment  in 
concentrations  in  excess  of  maximum  permissible  limits.  (Small 
sources  such  as  instrument  check  sources  should  be  exempted  from 
the  provisions  of  this  paragraph. 1 

4.1.5  Access  to  storage  areas  shall  be  restricted  to 
assure  that  unauthorized  oersonnel  cannot  enter  a 

radiation  area.  Only  authorized  personnel  shall  be  allowed  to 
enter  the  storage  area.  Control  of  access  to  storage  areas  for 
radioactive  materials  will  usually  be  delegated  to  the  health 
physicist.  The  duration  of  occupancy  to  these  areas  shall  be  kept 
to  a  minimum. 

4.1.6  Storage  areas  for  radioactive  material  shall  be  es- 
tablisf:ed  by  procedures  snecified  in  Methods  711  thru 
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716,  particularly  Method  714. 


4.1,7  If  it  is  not  possible  to  store  contaminated  equip¬ 
ment  or  equipment  with  induced  activity  in  a 
regular  controlled  radioactive  materials  storage  area,  establish  a 
controlled  area  with  limited  access  and  post  according  to  methods 
specified  in  Method  712,  paragraph  4-3. 

4.1.?  Radiological  surveys  as  per  Method  511  shall  be 

made  when  there  are  major  changes  in  types,  quanti¬ 
ties,  or  arrangement  of  radioactive  materials  in  a  storage  area,  to 
evaluate  the  degree  of  hazard  and  develop  operational  controls. 
Radiation  surveys  of  the  storage  areas  should  also  be  made  on  a 
routine  basis. 

4.2  Storage  of  Sources. 

4.2.1  Storage  of  radioactive  material  involves  shielding 
the  radioactive  material  when  it  is  not  being  used, 

so  that  it  will  not  be  a  personnel  exposure  problem.  The  amount 
and  type  of  shielding  will  depend  on  the  amount  and  type  of  source. 

4.2.2  Unless  adequately  shielded  by  concrete,  as  in  a 
storage  well,  neutron  sources  shall  be  stored  in 

marked  paraffin  containers  lined  with  cadmium  or  equivalent  neutron 
absorbing  material. 

4.2.3  Gamma  sources  used  for  instrument  calibration  shall 
be  stored  in  suitably  shielded  and  marked  containers 

or  source  wells,  which  shall  be  individually  locked  or  stored  in  a 
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locked  vault. 

4.2.4  Unsealed  radiation  sources,  other  than  contaminated 
equipment  and  equipment  with  induced  activity, 

should  he  protected  during  storage  against  shock  and  the  spread  of 
contamination  through  accidental  breakage  of  the  container.  Foam 
cushions  under  the  source  and  pans  with  absorbent  material  generally 
should  be  provided  for  an  unsealed  liquid  source  (including  stop¬ 
pered  or  glass  sealed  vials).  Temporary  shielding  of  lead  brick  or 
sheet  may  be  used  for  reasonable  periods  of  time  provided  it  affords 
adequate  shielding  of  personnel  in  the  vicinity.  In  no  case  may 
sources,  no  matter  how  small,  be  stored  in  general  purpose  drawers 
of  desks  or  tables  or  personal  effects  Icckers.  While  being  used, 
unsealed  sources  with  detectable  levels  of  external  gamma  radiation 
may  be  stored  behind  a  temporary  shield  of  lead  brick  or  lead  sheet 
in  the  radiation  fume  l.ood. 

4.2.5  Only  sources  internal  to  various  instruments  may  be 
kept  in  unlocked  storage  when  not  in  use. 

4.2.6  All  source  containers  shall  be  marked  with  appropriate 
radiation  tags  giving  type,  strength  of  source,  date 

received,  dose  rate  at  surface  of  container  and  the  calibration  date. 
4.3  Contaminated  Equipment  and  Equipment  with  Induced  Activity. 
4.3.1  Equipment  with  loose  contamination  should  be  wrapped 
in  polyethylene  and  completely  sealed. 
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4.3.2  Equipment  that  has  only  induced  activity  need  not  be 
wrapped  in  polyethylene.  However,  be  certain  that  the 

equipment  contains  no  hard-to-reach  surfaces,  which  may  contain  loose 
contamination  that  could  dislodge  and  contaminate  the  storage  area. 

4.3.3  The  equipment  shall  be  tagged  with  the  appropriate 
radiation  tags.  These  tags  shall  give  the  radiation 

or  the  contamination  levels,  persons  surveying,  ai^d  time  of  survey. 
(See  Method  251) . 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  NfETHOD  IMPLEMENTATION. 

6.1  Plant  technical  manual  snecifyinfl:  definite  stora^^e  areas. 

6.2  Reference  (3)  of  Reference  Section  jmd  other  applicable  AR's, 
EM*s,  training  directives  and  plant  documents. 

6.3  A  possession  limit  shall  be  established  for  each  installation 
and  radiation  area  within  the  installation. 

6.4  Items  which  can  bo  placed  under  a  general  license  in 
accordance  with  U.  S.  Atomic  Energy  Commission  Piles  and 

Regulations,  10  CFR,  Part  30,  Paragraph  30.70  and  those  containing 
not  over  one  (1)  microcurie  of  radium  are  exempt  from  those  storage 
requirements  listed  in  4. '1.1  and  4.1.2  except  where  the  total  quantity 
in  one  location  exceeds  10  such  items. 

6.5  iVherever  feasible  no  gamma  source  shall  indicate  greater 
than  20  millirem  per  hour  at  the  surface  of  the  storage 
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container  or  pig. 

6.6  Dimensioned  sketches  of  all  source  storage  area  floor  plans 
should  be  appended  to  the  plant  technical  manual. 
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METHOD  212 

INVENTORY  TEOINIQUES  FOR  RADIOACTIVE 
MATERIALS  WITHIN  THE  PLANT 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  recommended 

inventory  techniques  for  radioactive  materials. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Not  Applicable. 

4.  PROCEDURES. 

4.1  The  purpose  of  estd)lishing  specific  inventory  techniques 
for  radioactive  materials  is  to  verify  the  presence  of 

accountable  radioactive  materials  and  to  prevent  their  loss. 

4.2  The  inventory  should  be  taken  by  the  accountability  officer 
or  by  his  representative. 

4.3  The  inventory  should  be  taken  quarterly. 

4.4  The  inventory  should  verify  that  all  sources  are  physically 
accounted  for. 

4.5  A  locator  file  system  should  be  used  to  insure  continuing 
information  on  all  radiation  sources. 

4.6  This  file  system  should  contain  the  following  information 
about  the  source: 
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(a)  Type. 

(b)  Amoimt . 

(c)  Encapsulated  or  prepared. 

(d)  Supplier. 

(e)  Date  received. 

(f)  Inventory. 

(g)  Where  stored. 

(h)  Purpose. 

(i)  Date  of  leak  test  and  results. 

(j)  Ultimate  disposal. 

4.7  An  inventory  should  also  be  kept  of  materials  and  equipment 
that  have  induced  activity  or  that  cannot  be  adequately 
decontaminated.  This  inventory  should  include;  type  of  material  or 
equipment,  when  stored,  type  of  contamination,  levels  of  radiation 
and  contamination,  and  ultimate  disposal. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

6.1  Plant  technica.  manual  specifying  inventory  procedures. 

6.2  Other  applicable  AR's,  EM's,  training  directives  and  plant 
documents . 
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METHOD  221 


TRANSFER  AND  HANDLING  OF  SEALED  SOURCES 


1.  SCOPE. 


The  purpose  of  this  prt)cedure  is  to  describe  the  technique  used 
to  transfer  and  handle  sealed  sources. 


2.  SAMPLE. 


Not  Applicable. 

3.  APPARATUS. 


Sealed  source. 

Lead  source  containers  (pigs) . 

One,  six-foot,  remote  handling  tool. 

High  range,  gamma  survey  instrument. 

Radiation  and  High  Radiation  Area  Signs. 

Film  Badges. 

Dosimeters . 

Radiation  barrier  rope. 

Hand  cart  for  source  transfer. 

4.  PROCEDURES. 

4.1  Notify  health  physics  before  transferring  source  from  one 
area  of  plant  to  another. 

4.2  If  source  is  to  be  exposed,  health  physics  shall  issue  a 


Radiation  Work  Permiv  in  accordance  with  Method  731,  if 


required. 
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4.3  The  transfer  of  the  source  and  source  containei.  (if  more  than 
approximately  25  lbs.)  shall  be  acconplished  by  placing  them 

to  the  desired  area.  This  will  eliminate  the  possibility  of  back 
strain  and  droppage. 

4.4  Radiation  Area. 

If  the  source  is  of  sufficient  strength  to  create  a 
"radiation  area"  or  "high  radiation  area"  when  exposed,  the 
provisions  of  Method  712  and  Method  713  will  apply  and  the  operation 
will  be  covered  by  a  radiation  work  permit. 

4.4.1  Do  not  open  source  container  without  radiation 
monitoring. 

4.4.2  Before  the  source  is  exposed,  caution  should  be 
observed  that  the  source  is  not  within  150  feet  of 

any  alarm  system  detectors.  If  this  is  not  possible,  notify  the 
shift  supervisor  that  a  source  will  be  exposed  in  the  vicinity  of  the 
alarm  system  detector. 

4.4.3  Use  remote  handling  tool  to  handle  isotopes  of  an 
activity  higher  than  25  mr/hr  at  contact.  The  source 

shall  never  be  handled  with  the  bare  hands.  Stand  back  as  far  as 
possible  and  reacn  into  the  container  with  the  remote  handling  tool, 
remove  the  source  and  place  it  in  the  source  holder  as  quickly  as 
possible. 

4.5  Coiqolete  the  work  which  has  been  scheduled  in  as  short  a 
time  as  possible.  It  should  be  planned  in  advance  so  that 
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the  exposure  time  is  held  to  a  uinimum, 

4.6  Personnel  shall  remain  away  from  the  source  as  far  as 
practical  at  all  times. 

4.7  Local  shielding  shall  be  used  as  much  as  possible. 

4.8  Survey  meters  must  be  available  for  frequent  monitoring. 

4.9  When  the  source  is  no  longer  needed,  replace  it  in  its 
container  using  the  handling  tool.  Replace  and  lock  lid. 

4.10  Return  the  source  to  the  original  storage  area. 

5.  RESULTS  AND  COMPlTTATiaMS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION 


Not  Applicable. 
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METHOD  222 


TRANSFER  AND  USE  OF  UNSEALED  SOURCES  AND  ISOTOPES 


WITHIN  THE  PLANT 


1.  SCOPE. 


The  purpose  of  this  method  is  to  describe  the  use  and  transfer 
of  unseal  ■'id  sources  and  isotopes.  For  the  purpose  of  this  method, 
the  term  unsealed  sources  and  isotopes  will  be  used  interchangeably. 
The  rules  of  trar.::fer  and  use  will  be  the  same. 

2.  SAMPLE. 

Unsealed  source  of  solid,  liquid,  or  gas. 

3.  APPARATUS. 

Same  as  Method  221,  paragraph  3,  and  in  addition: 

Absorbent  paper. 

Radiochemistry  laboratory;  hoods,  benches,  and  auxiliary 
equipment . 

Five  gallon  cans. 

Polyethylene  bottles. 

Absorbent  paper. 

Polyethylene  bags  and  sheeting. 

Low  range  beta  gamma  survey  meters. 

Gas  cylinder. 

Gas  cylinder  cart. 
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4.  PROCEDURES. 

4.1  Liquid  Isotopes, 

4.1.1  Transfer  all  liquid  isotopes  within  the  plant  in 
polyethylene  bottles.  These  bottles  in  turn  shall 

be  placed  in  a  double  polyethylene  bag. 

4.1.2  If  the  source  or  isotope  is  above  20  mr/hr  on  contact, 
it  shall  be  placed  in  a  leadlined  bor  or  equivalent 

for  transfer  from  one  plant  area  to  another. 

4.1.3  Occasionally  eight  and  sixteen  liter  samples  will  be 
drawn  for  ci’ud  analysis.  Hiese  samp).''s  shall  be 

transferred  in  polyethylene  bottles.  The  bottles  shall  be  placed  in 
five  gallon  cans  with  handles.  The  cans  shall  be  lined  with  two 
layers  of  polyethylene  sheeting.  Ihe  cans  may  tnen  be  hand-carried 
by  two  people  or  placed  on  a  c^rt  and  brought  to  their  destination. 

4.2  Solid  Isotopes. 

4.2.1  Transfer  solid  isotopes  or  unsealed  sources  by  placing 
them  in  a  small  lead  source  container.  The  sire  of 

the  lead  source  container  will  depend  upon  the  radiation  emitted  from 
the  source. 

4.3  Gaseous  Isotopes. 

4.3.1  Gases  are  used  for  calibration  purposer . 

4.3.2  Gases  will  always  be  received  froTi  the  manufacturer 
in  sealed  cylinders.  The  gases  sto'^d  in  these 

cylinders  will  not  be  a  radiation  exposure  problem  provided  the  valves 
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remain  properly  closed. 

4,3.3  The  method  of  transporting  the  gas  from  one  pait  of 
the  plant  to  another  will  depend  largely  on  the  size 
of  the  cylinder.  Small  cylinders  can  be  easily  moved  by  hand. 

However,  when  the  cylinders  become  heavy  and  hard  to  manage  by  hand, 
they  shall  be  transported  in  a  regular  gas  cylinder  cart  with  chain. 
The  gas  shall  be  released  only  under  the  direction  of  a  health 
physicist  and  then  in  minimum  quantities. 

4.4  Procedures  for  Health  Physicist. 

4.4.1  Monitor  the  operation  when  an  isotope  is  first  with¬ 
drawn  from  a  new  shipment. 

4.4.2  Specify  the  monitoring  equipment  to  be  worn  by  isotope 
users.  The  isotope  user  shall  wear  a  film  badge  and 

dosimeter  at  all  times  while  working  with  isotopes.  It  is  desirable 
that  personnel  dosimetry  be  provided  for  the  hands  if  the  hands  will 
be  frequently  exposed  to  radiation  fields  in  excess  of  250  mr/hr. 

4.4.3  Monitor  the  room  frequently,  where  isotopes  ere  used 
or  stored. 

4.4.4  Monitor  exposure  of  person  making  isotope  withdrawal 
and  usage,  using  the  appropriate  portable  survey 

equipment . 

4.4.5  Check  back  frequently  during  the  use  of  the  isotope 
to  see  that  personnel  radiation  safety  is  being 

maintained. 


222-3 


1  July  1966 


Health  Physics- 
Process  Control 

nose,  and  eyes.  Wash  hands  whenever  leaving  the  work  area  after 
handling  radioactive  materials. 

4.5.11  Self  Monitoring.  Each  isotope  user  is  responsible 
for  monitoring  his  own  hands,  clothing,  shoes  and 

any  other  part  of  his  person  that  may  be  contaminated.  If  an  alpha 
emitter  has  been  used,  monitor  with  an  alpha  radiation  survey  meter. 
Monitoring  is  mandatory  before  handling  and  eating  food  and  at  the 
end  of  the  work  day. 

4.5.12  Notify  the  health  ph/bicist  when  work  with  the  isotope 
is  complete,  so  that  the  health  physicist  may  monitor 

the  work  area  and  equipment  for  contamination  and  assist  in  storing 
isotopes  in  the  radiation  safe. 

4.5.13  The  isotope  user  will  always  monitor  himself  when 
work  with  the  isotope  is  completed. 

5,  RESULTS  AND  COMPUTATIONS. 

Not  Applicable 

6.  TBS'”  METHOD  IMPlr’lENTATION 


The  plant  technical  meinual  specifies  special  criteria 
to  be  followed  prior  to  transfer  and  use  of  unsealed  sources 

within  the  plant. 
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METHOD  223 


CONTROL  OF  EQUIPMENT  WITH 
CONTAMINATION  OR  RADIATION  READINGS 


1.  SCOPE. 


The  purpose  of  this  method  is  to  specify  the  techniques  used  to 
control  equipment  with  contamination  or  radiation  readings  in 
order  to  eliminate  the  spread  of  contamination  and  limit  personnel 
exposure  to  radiation. 

2.  SAMPLE. 

Contaminated  equipment  or  equipment  with  high  radiation  reading. 

3.  APPARATUS. 

Same  as  Method  221  and  Method  222,  paragraph  3. 

4.  PROCEDURES. 

4.1  All  equipment  that  has  been  decontaminated  or  is  being  moved 
from  a  controlled  area  shall  be  smeared  and  instrument  sur¬ 
veyed  as  per  Methods  511  and  5i2  before  any  action  is  taken  and 
labeled  in  accordance  with  Method  251. 

4.2  After  survey,  one  of  the  following  courses  of  action  shall 
be  taken: 

4.2.1  Unconditional  Release:  A  piece  of  equipment  may  be 
unconditionally  released  for  use  in  any  uncontrolled 
area,  provided  the  plant  criteria  for  such  release  are  met. 
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4.2.2  Regulated  Release.  A  piece  of  equipment  may  be 

released  from  one  controlled  area  to  another.  Regu¬ 
lated  release  of  equipment  may  be  permitted  when  its  contamination 
levels  do  not  exceed  the  smear  lirits  within  the  controlled  area  to 
which  it  is  to  be  released.  The  equipment  shall  be  tagged  with  the 
proper  tag  as  shown  in  Method  251.  The  tag  shall  show  the  date  of 
the  survey,  the  name  of  the  person  who  made  the  survey,  and  the  radi¬ 
ation  and  contamination  levels  of  the  equipment. 

NOTF, 

it  is  not  necessary  to  decontaminate 
the  equipment  when  it  is  being  put 
back  into  or  used  on  a  contaminater’ 
system  unless  it  is  required  for  radi¬ 
ation  safety  reasons  during  maintenan  e 
and  repair  of  the  system. 

4.3  Identify  with  radiation  tape  or  radiation  markers,  all 
portable  tools  and  small  equipment  continually  used  in 

surface  contamination  or  airborne  radioactivity  areas.  The  components 
shall  be  stored  in  these  areas.  Contaminated  non-portable  process 
equipment  shall  be  so  designated  and  the  radiation  symbol  shall  be 
painted  permanently  on  the  equipment,  where  practical. 

4.4  Do  nor  '’snitorial  equipment  used  in  clean  areas  in 

regii  :)ssihl€  centari nation.  Special  janitorial 
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equipment,  properly  identified,  shall  be  used  exclusively  in  con¬ 
taminated  and  controlled  areas. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION 

The  plant  technical  mantxal  specifies  limits  for 
unconditionally  released,  regulated  released  and  contaminated 
equipment. 
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METHOD  231 

PREPARATION  OF  RADIOACT'IVE  MATERIAL 
FOR  SHIPMEOT  FROM  THE  PLANT 

1.  SCOPE. 

This  method  describes  the  general  procedure  to  be  used  in 
preparation  of  radioactive  material  for  shipmet.t  from  the  plant. 

2.  SAMPLE. 

Radioactive  material  to  be  shipped  off  site. 

3.  APPARATUS. 

Radiation  survey  instrument;  low  range  beta-gamma  instrument 
and  alpha  instrument,  if  needed. 

Smears  for  radia'^ion  survey. 

One-gallon,  metal,  paint  container. 

Five-gallon,  metal,  paint  container. 

Vermiculite  or  other  absoibent  materials. 

Labels:  I.C.C.  Labels  and  appropriate  radiation  warning 
signs  as  specified  in  Method  251. 

Appropriate  metal,  wood,  or  cardboard  cwitalners  for  shirp’ng 
radioactive  materials. 

A  log  book  whidi  will  contain  a  record  of  all  shipments. 
Polyethylene  bottles  and  caps. 

4.  PROCEDURES. 

4.1  The  responsibility  for  arranging  for  the  shipment  of  radio- 
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activ'i  materials  off-side  or  off-post  is  assigned  by  Army 
Regulations  to  the  transportation  officer  or  his  equivalent  in  the 
directorate  of  services. 

4.2  All  outgoing  shipments  of  radioactive  material  must  be 

approved  by  the  health  physicist  and  dropped  from  account¬ 
ability.  The  health  physicist  will  assure  that  packages  are  prepared 
to  meet  the  following  requirements:  (a)  Packaging  standards, 

(b)  Quantity  limitations,  (c)  Radiation  level  limits,  and 
(d)  Maiicing  aj<d  labeling. 

4.2.1  Packaging  Standards. 

4. 2. 1.1  Containers  xml  be  tightly  sealed  and  able 
to  withstand  the  rigorous  treatment  incident 

to  transportation. 

4. 2. 1.2  The  smallest  dimension  of  any  outside 
container  will  not  be  less  than  4  inches. 

4. 2. 1.3  Liquid  radioactive  materials  will  be  packed 
in  tight  glass,  earthenware,  plastic,  or 

other  suitable  container  which  is  surrounded  by  a  neutral  material 
able  to  absorb  the  liquid  contents. 

4.2.2  Quantity  Limitations. 

4. 2. 2.1  Package  Limitations. 

4.2.2. 1.1  Surface  and  Air  Transportation 
(a)  2.0  curies  (2000  me)  for 

radium  (RA) ,  plutonium  (PU) 
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or  other  members  of  the  radium  family. 

(b)  300  curies® for  cobalt  (Co) 60, 
cesium  (Cs)137,  or  iridium 

(Ir)192. 

(c)  2.7  curies  (2700  me)  for  all 
other  radioactive  material. 

4. 2. 2. 2  U.  S.  Mail. 

Packages  must  not  exceed  exempt  shipment 
limits  described  in  paragraph  4. 2. 2. 3  below. 
Postal  serv'  ze  size  and  weight  limits  must  be  observed.  Any  package 
bearing  an  ICC  label  is  rot  mailable.  Mailable  packages  should  be 
registered  and  return  receipt  requested. 

4. 2. 2. 3  Exempt  Shipment  Quantity  Limitations. 

Shipments  arc  exempt  from  prescribed  Federal 
packaging,  labeling  and  marking  requirements, 

other  than  proper  shipping  name,  providing  they  do  not  exceed  radiation 
level  limitations  shown  in  4. 2. 3. 2  below  and  the  following  quantity 
limits: 

(a)  The  package  must  be  such  that  there 
can  be  no  leakage  of  radioactive  ma¬ 
terial  under  conditions  normally  incident  to  transportation. 

(b)  Package  contains  not  more  than  0,1  me 
of  RA  or  Po;  or  0.135  me  of  Sr  89,  90 

or  Ba  140;  or  1.35  me  of  any  other  radioactive  material. 
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4.2.3  Radiation  Level  Limits. 

4. 2. 3.1  Outside  Containers. 

4. 2. 3. 1.1  No  smearable  surface  contamination. 
^.2. 3. 1.2  Surface  dose  rates  less  than 
200  mrem/hr. 

4. 2. 3. 1.3  Dose  rate  at  one  meter  less  than 
10  mrem/hr.  Dose  rate  at  15  feet 


less  than  0.45  mrem/hr. 


4. 2. 3. 2  Exempt  Shipments  Radiation  Levels. 

4. 2. 3. 2.1  No  significant  alpha,  beta,  or 
neutron  radiation,  and  gamma 

radiation  at  package  surface  will  be  less  than  0.4  mrem/hr. 

4. 2. 3. 2. 2  No  smearable  surface  contamination. 

4. 2. 3. 3  Empty  Container  Previously  Used  For 
Radioactive  Materials. 

4. 2. 3. 3.1  Empty  containers  previously  used 
for  radioactive  materials  roust 
ccmfom  to  standards  for  exempt  shipments. 

4.2.4  Marking  and  Labeling. 

4.2. 1.1  The  proper  shipping  name  must  also  be 
included  on  exempt  shipments. 

4. 2. 4. 2  Name  and  address  of  consignee  must  be 
included. 

4. 2. 4. 3  DA  label  15  is  applied  according  to  Method  251. 
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4. 2. 4. 4  Red  (radioactive  materials)  label  (surface 
or  air  transportation)  is  applied  if  the 

surface  dose  rate  equals  or  exceeds  0.4  mrom/hr,  but  is  <  200  mrem/hr 
from  gamma  and  beta  or  if  a  neutron  emitter  is  present  (for  label  see 
Method  251) . 

4. 2.4.5  Blue  (radioactive  materials)  label  (surface 
or  air  transportation)  is  applied  if  the  sur¬ 
face  dose  rate  is  less  than  0.4  mrem/hr  and  the  activity  exceeds 
exempt  shipment  limits  (for  label  see  Method  251) . 

4. 2.4.6  U.  S.  Mail.  No  label;  radiation  symbol  may 
be  used.  Marked  as  follows:  Radioactive 

Material -Gamma  Radiation  at  Surface  of  Parcel  less  than  10  millirem 
for  24  hours  -  No  Significant  Alpha,  Beta,  or  Neutron  Radiation. 

4. 2. 4. 7  Empty  containers.  Old  markings  and  labels 
will  be  obliterated,  destroyed  or  covered  by 

an  "Empty"  label. 

4. 2.4. 8  ICC  labels  must  not  be  applied  to  exempt 
shipments. 

4.3  The  health  physicist  shall  monitor  shipments  for  radio¬ 
activity  before,  during,  and  after  packaging.  The  shipment 

should  be  smear  and  instrument  surveyed,  following  the  procedures 
as  specified  in  Methods  511  and  512. 

4.4  The  health  physicist  shall  verify  that  the  radioactive 
material  has  been  properly  prepared  and  labeled. 


o 
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4.5  Package,  label,  and  mark  in  compliance  with  applicable 
requirements  specified  in  4.2. 

4.6  Before  approving  shipment  to  other  installations,  the  health 
physicist  must  be  satisfied  that  the  consignee  is  fully  in¬ 
formed  of  any  hazards,  and  that  he  has  an  AEC  license  to  handle  the 
radioactive  material. 

f',.l  Shipments  containing  radioactive  materials  normally  belong 
to  one  of  the  following  five  major  groups. 

4.7.1  Equipment  to  be  processed  and  returned  to  the  plant. 

4.7.2  Equipment  and  materials  not  to  be  returned. 

4.7.3  Empty  containers  which  have  contained  radioactive 
materials . 

4.7.4  Radioactive  samples  for  analysis. 

4.7.5  Radioactive  waste. 

4.8  Equipment  to  be  processed  and  returned  to  the  plant  shall 
meet  the  ICC  Regulations  and  the  requirements  which  are 

specified  in  4.2. 

4.9  Equipment  not  to  be  returned  to  the  plant  shall  also  conform 
to  the  ICC  Regulations. 

4.10  Empty  containers. 

4.10.1  Empty  containers  which  have  previously  been  used  for 
the  shipment  of  radioactive  materials  and  may  be  re¬ 
used  shall  be  shipped  back  to  the  owner  upon  his  request. 

4.10.2  The  inside  of  these  containers  may  remain  contaminated; 
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however,  the  consignee  shall  be  notified  of  this  condition. 

4.10.3  Inspect  and  monitor  contamination  on  the  inside  of 
the  container.  There  shall  be  no  loose  or  liquid 

contaminants.  If  explosive,  toxic,  or  suffocating  vapors  are  pre¬ 
sent,  sufficient  inert  gas  must  be  added  to  render  the  vapors  harmless 
Close  all  openings  tightly,  including  immovable  head:}  and  filling  and 
vent  holes,  before  transporting  the  container. 

4.10.4  The  amount  of  radioactive  contamination  on  the 
containers  is  limited  by  what  the  receiver  is  willing 

to  accept  and  by  the  ICC  regulation?.  The  container  inu:> '  meet  the 
shipment  levels  as  specified  in  4.2.3  above. 

4.10.5  Instruct  shipper  to  remove  old  "radioactive  material" 
labels  or  cover  labels  completely  with  "empty"  labels 

of  required  size. 

4.10.6  Instruct  shipper  to  note  on  his  bill  of  lading  "Empty 
containers  which  have  contained  radioactive  materials.' 

4.10.7  Instruct  shipper  to  directly  notify  consignee  if 
contamination  remains  inside  the  container. 

4.11  Radioactive  liquid  samples  for  analysis. 

4.11.1  Place  sample  in  polyethylene  bottle  and  seal  cap 
with  paraffin  or  electrical  tape. 

NOTE 

The  500  ml  sample  bottles  shall  be 
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placed  in  one-gallon »  metal,  paint 
containers.  500  ml,  or  larger,  sample 
bottles  shall  be  placed  in  five-gallon, 
metal,  paint  containers. 

4.11.2  Fill  the  container  half-full  with  vermiculite  or 
other  absorbent  material. 

4.11.3  Monitor  the  sample  bottle  for  radiation-  and!  contami¬ 
nation  before  packaging,  and  tag  it  with  proper  labels 

as  specified  in  Method  251. 

4.11.4  Place  sealed  sample  bottle  in  container. 

4.11.5  Fill  the  container  up  with  vermiculite  or  other 
absorbent  material. 

4.11.6  Lead  solder  the  lid  of  the  container  closed. 

4.11.7  Verify  that  the  shipment  has  the  prior  approval  of 
the  recipient  and  that  he  is  informed  of  all  hazards. 

Verify  that  the  recipient  has  the  appropriate  license  and  can  handle 
the  material  to  be  shipped. 

4.11.8  Monitor  shipping  package  for  compliance  with 
regulations  as  specified  in  Method  231. 

Apply  radioactive  material  labels  as  specified  in 
Method  251. 

4.12  Radioactive  Waste  Shipment. 


Radioactive  Waste  Shipment  is  handled  thoroughly  in  Methods 
431  thru  435.  However,  the  shipping  regulations  will 
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generally  be  the  same  as  for  other  radioactive  materials  as  stated 
in  4.2  above. 

5.  RESULTS  AND  COMPITTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  pxant  technical  manual  Implements  the  departmental 

directives. 


£ 
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METHOD  241 

REGULATIONS  FOR  THE  PROCUREMENT, 

CONTROL,  TRANSPORTATION  AND 
DISPOSAL  OF  RADIOACTIVE  MATERIALS 

1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  those  Army  Regvletions 
and  Atomic  Energy  Commission  Rules  and  Regulations  which  are 
directive  on  Army  Commanders  within  the  gen  ral  subject  area  of  health 
physics. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Not  Applicable. 

4.  PROCEDURES. 

4.1  References  (4)  through  (7)  in  the  Reference  Section  contain 
directive  material  relating  to  the  function  and  responsi¬ 
bilities  of  health  physicists  at  nuclear  power  plants. 

4.2  The  Atomic  Energy  Commission  Rules  and  Regulations  contain 
certain  directive  material  relating  to  the  function  and 

responsibilities  of  health  physicists  at  nuclear  power  plants. 

4.2.1  U.  S.  Atomic  Energy  Commission  Rules  and  Regulations. 
These  rules  are  incorporated  in  Chapter  1  of  Title  10 
of  the  Code  of  Federal  Regulations.  Matters  relating  to  The  Code  Of 
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Federal  Regulations  are  published  in  the  FEDERAL  REGISTER,  a  daily 
publication  of  the  U.  S.  Govemaent. 

4.2.2  Copies  of  the  U.  S.  Atoaie  Energy  Coaaission  Rules 
and  Regulations  nay  be  obtained  without  charge  by 

contacting  the  U.  S.  Atonic  Energy  Condssion,  Washington  D.C.  20545. 

4.2.3  The  followiag  parts  of  Title  10  of  The  Code  Of  Federal 

Regulations  are  nost  applicable  to  the  health  physi¬ 
cist's  Amction  and  responsibility:  (a)  10  CFR  Part  20.  Standards 

For  Protection  Against  Radiation,  and  (b)  10  CFR  Parts  30  through  36. 

Licensing  Of  Byproduct  Material  (Recodified,  17  December  1964). 

4.2  4  Ara^  Regulations  require  military  activities  to  con* 
fom  to  appropriate  provisions  of  Title  10  (See  para. 

1,  AR  40-14). 

5.  RESULTS  AND  COMPITTATIONS . 

Not  Applicable. 

6.  TEST  WTWD  IMPLEMENTATION. 

The  plant  technical  nsnual  implements  appropriate  dl.-ectives,  as 
necessary. 
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METHOD  251 

LABELING  AND  MARKING  OF  RADIOACTIVE  MATERIALS 


1.  SCOPE. 

The  purpose  of  this  aiethod  Is  to  define  RadioactlTe  Materials  and 
to  illustrate  the  different  type  of  signs  and  labels  used  to  nark 
radioactire  materials.  This  section  does  not  include  Radioaetlre 
Materials  Area,  High  Radiation  Area,  Radiation  Area,  Surface  Contamina¬ 
tion  Area,  and  Airborne  Radioactivity  Area  Signs.  These  signs  are 
included  in  AR  385-30. 

2.  SAMPLE. 

Hot  Applicable. 

3.  APPARATUS. 

I.C.C.  Blue  Ubel  (DA  Label  70). 

I.C.C.  Red  Label  (DA  Label  52). 

"Caution  Radioactive  Materials”  Label  (DA  Label  15). 

Radiation  Warning  Label  (DA' Label  26). 

"Material  Released  to  Uncontrolled  Area”  Tag  (USAERG  Form  ik) . 
"Material  Released  to  Controlled  Axva  Only”  Tag  (USAERG  Form  15). 
U.  PROCEDURES. 

This  section  of  the  procedures  provides  illustrations  of  the 
various  labels  used  to  mark  radioactive  material  and  radloactlvely 
contasdnated  items.  These  labels  vam  personnel  that  radioactive 
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nsterisls  are  present  and  should  be  approadted  and  handled  with  care. 
4.1  Interstate  Commerce  Commission  Labels  will  be  used  when 
shipping  Radioactive  Materials  off  the  site.  The  general 
rules  govening  their  use  are  listed  in  Method  231.  The  Labels  are 
illustrated  in  Figures  251-1  asd  25^-2. 


^  MMOACnVE  MATBHM 


OPIOUm  I  or  II 
HULL  Kluai  mrm  i  n 

W eaawSa 

KiaciMi  M*io«cnvi  coiinar _ _ 

ACTirnr  or  eoimiiTf  _ _ _ _  > 

V  **»’*><«■  »«HT«  mu  y«CKM. 

X  ttau  at  laaao  w  MK  x 
\  Aiaeur MHu w  / 

\  laatawnw  X 

X  »■  WIST  / 


•> 


Figure  251-1.  Red  Label  (Class  I  and  Class  II).  See  Section  230. 
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.  HANDLE  CAREFULLY  ' 
RADUACTiyE  MATERIAL 
EMinWG  CORPUSCULAR  RAYS  ONLY 

Name  ol  conttntf _ 

CLASS  D  POISON 
Group  III 

k  Thto  l«  to  ototHy  that  tli«  oontanu  ol  this  paokago  ^ 
ara  proaorly  PaaorlM  by  namo  and  aro  paefcad 
and  marked  and  ara  In  proper  condition  for 
tranaportatlen  aooordlag  to  tko  Sagula- 
tiena  proacribod  by  tho  Intoratato  'C 

Commoroa  Commlaalon. 

Sblppar'a  namo  roqulrod 

loroon  for  olilp*  «r 

^  manta  by  yj'* 

X  CXPMU8 


Figure  251-2.  Blue  Label  (Class  HI) 
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4.2  Figures  251-3  and  251-4  illustrate  Radiation  Labels  for 
Radioactive  Materials  Containers,  and  may  also  be  used  as 
a  supplement  to  area  signs. 


DANGER 


nn 


Cautiont  Radioactive  materials 


Radioisocope _ 


Activity _ 

Date  measured . 

DA.'^S'«15 


pnsviout  aoiTioM  ow  tmi» 
LAaVL  I*  oaaouvTK. 


Figure  251-3.  "Caution  Radioactive  Materials"  Label. 

4.3  The  tags  in  this  section  are  fov  equipment  and  tools  being 
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released  from  controlled  eureas. 

U.3.1  The  tag  shown  in  Figure  251- is  for  clean  equipment 
which  may  be  released  to  any  area. 

Dote  -  No.  ■ 


MATERIAL 
RELEASE  FROM 
CONTROLLED  AREA 


Article:  _ 

Surveyed  For  _ 

LAST  NAMf  FIRST  Ml 

SURVEY  READING 

Contact  Reading _ 

Smear  Test  _ 


SURViroR 


DATE 


THE  ABOVE  ARTICLE  IS 
APPROVED  FOR  RELEASE  TO 
ANY  UNCONTROLLED  AREA 


HIAITH  PHYSICS  SUPIhVISOR 


SUPERINTENDENT 

r*r«  l« 

11  ««i  •! 


DATE 


DATE 


.  -M.OfO-A|IUY-POItT  Ul.VOU.  ViL 


Figure  251-1*.  "Material  Released  to  Uncontrolled  Area"  Tag. 


251-  5 


1  July  1966 


Health  Physics- 
Prccess  Control 


4 


4.3.2  The  tag  shown  in  Figure  251-5  is  for  equipment  that 

may  be  released  only  from  one  controlled  area  to  a 

second  controlled  area. 

Date _  No.  _ 

CONTAMINATED 
MATERIAL  a 
RELEASE  FROM  • 


CONTROLLED 

Article: 

AREA 

Requested  By: 

LAST  NAME 

SURVEY  RESULTS 

Contact  Reading 

Smeor  Test 

FIRST 

Ml 

SURVEYORS  SIGNATURE 

DATE 

WARNING 

THE  ABOVE  ARTICLE 

IS 

APPROVED  ONLY  FOR 

REGULATED  RELEASE 
OTHER  CONTROLLED 
AREAS 

TO 

HEALTH  PHYSICS  SUPERVISOR 

DATE 

SUPERINTENDENT 

DATE 

UlACBQ  Wm  U 

tl  A«c  it  A-  — «7.37&— Ft  Belvoir 

Figure  251-  5.  "Material  Released  to  Controlled  Area  Only"  Tag. 
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5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

6.1  The  criteria  for  the  use  of  signs  is  stated  in  AR  385-30. 

6.2  Tne  plant  technical  manual  will  include  labeling  materials 
that  are  not  covered  in  Army  Regulations  but  that,  never¬ 
theless,  should  be  labeled  to  warn  plant  personnel  that  radioactive 
materials  are  present. 
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APPENDIX  A. 


A.E.C.  Forms 

1.  Instructions  and  Application  Form  for  Application  of  Source  Material 
License  Form  A.E.C. -2. 

2.  Instruction  and  Form  for  Preparation  of  Application  for  Byproduct 
Material  License  Form  A.E.C. -313. 
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INSTRUCTIONS  FOR  PREPARATION  OF 
APPUCATION  FOR  SOURCE  MATERIAL  LICENSE  FORM  AEC-2 


CENIOIUL  INSTRUCTIONS 

1.  An  applicant  for  a  Source  Material  Liccnno  ahould  complete  Form  AEC-2  in  detail.  The  completed 
application  mutt  be  filed  in  quadruplicate  witlt  the  United  States  Atomic  Energy  CommiMion,  Wash* 
ington  2S(  D.C.«  Attention:  Direetor,  Division  of  Licensing  and  Regulation.  Applications  may  also  be 
filed  in  peiaon  at  the  Commission'a  Public  Document  Room  at  1717  H  Street,  NW.,  Washington,  D.C,  or 
the  Conunission’a  oflice  at  Germantown,  Md. 

The  infonnaUon  required  to  complete  Form  AEC-2  must  be  typewritten  or  printed  clearly  in  ink. 

2.  The  regulations  which  govern  the  issuance  of  a  Source  Material  License  are  contained  in  Title  10,  Code 
of  Federal  Regulations,  Chapter  1,  Part  40. 

3.  An  applicant  may  incorporate  by  reference  information  contained  in  previous  applications,  staF*jnents 
or  reports  filed  by  the  applicant  witli  the  Commission's  Division  of  Licensing  and  Regulation:  Provided, 
that  such  references  are  clear  and  specific,  and  there  has  been  no  change  from  the  information 
previously  submitted. 

Supplemental  sheets  should  be  used  when  necessary  to  supply  the  required  information.  Hie  appli* 
cant's  name  and  address  and  the  item  number  in  Form  AEC-2  to  which  the  supplemental  information 
applies  should  be  indicated  on  each  supplemental  sheet. 

5.  The  Commission  may  at  any  time  after  the  filing  of  Ute  original  application,  and  before  the  expiration  of 
the  license,  require  further  statements  in  order  to  enable  the  Commission  to  determine  whether  the  ap> 
plicadon  should  be  granted  or  denied  or  whether  a  license  siiould  be  modified  or  revoked. 

6.  Information  and  documents  submitted  to  the  Commission  to  complete  an  application  will  be  made  avail* 
able  for  public  inspection  in  accordance  with  the  provisions  of  the  Commission’s  regulations  in  Title  10, 
Code  of  Federal  Regular  ions.  Chapter  1,  Parts  2  and  9. 

7.  Information  whieh  is  classified  as  Restricted  Data  or  which  the  applicant  requests  be  withheld  from  pub¬ 
lic  disclosora  must  be  submitted  in  accordance  with  the  provisions  of  10  CFR  §  2.790,  "Rules  of  Practice." 

8.  Item  IS  miMt  be  completed  on  all  applications. 

9.  Submission  of  an  incomplete  application  will  result  in  a  delay  in  the  processing  of  the  application 
because  of  correspondence  necessary  to  request  the  omitted  informattpn. 
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UNITED  STATES  ATOMIC  ENERGY  COMMISSION 


FOMM  APFUOVCO 
•URCAU  OF  •UOOCr  NO.  li*F 


APPLICATION  FOR  SOURCE  MATERIAL  LICENSE 

Punuant  to  the  regulationa  in  Title  10,  Code  of  Federal  Regulationa,  Chapter  1,  Part  40,  application  ia  hereby 
made  for  a  licenae  to  receive,  potaeaa,  uae,  tranafer,  deliver  or  import  into  Uie  United  Statea,  aouroe  material 
for  the  activity  or  activitiea  deacribed. 


!•  (CiNcA  mm) 

□  (a)  New  licenae 

□  (b)  Amendment  to  Licenae  No. _ 

□  (o)  Renewal  of  Licenae  No. _ 

□  (<0  Previoua  Licenae  No. _ 


icN  aounca  matbnial  wii.a  ae  eosaaaaio  on  uaeo 


•.  ^ATC  THC  TVFC  ON  TYFtt.  CHCMICAI.  FORM  ON  FORMS.  AND  OUANTITIKS  OF  SOUNCS  MATBRIAL  YOU  FNOFOW  TO  NCCKIV9. 
FOSMM.  USB.  ON  TRANiFDI  UNOSN  TNK  UCCNM 


(•)  tyfc 


NORMAL  UIIAMUM 


B 

i 


(h)  CHCMICAL  FORM 


(«)  PHYSICAL  FORM  (Incitt€Utti  (tf)  MAXIMUM  AMOUNT  AT 
%  V  or  Th.)  ANY  ONC  TIME  Un  pound*) 


ANY  ONC  TIME  Un  pound*) 


)  MAXIMUM  TOTAl.  QUANTITY  OF  OOUNCS  MATERIAL  YOU  WILL  HAVE  ON  HAND  AT  ANY  TIME  UnOMUtfs) 


•.  OCSCNIM  THE  CHEMICAL.  PHYSICAL.  METALLUNQICAU  ON  NUCLEAR  PROCESS  OR  PROCESSES  IN  WHICH  THE  SOURCE  MATERIAL 
WILL  OS  USED,  INOICATINO  THE  MAXIMUM  AMOUNT  OF  OOUPVCS  MATERIAL  INVOLVSO  IN  EACH  PROCESS  AT  ANY  ONE  TIME.  AND 
PROVlOtNQ  A  TNOROUaH  EVALUATION  OF  THE  FOTENTIAL  HP  ZANDS  ASSOOATSD  WITH  EACH  STEF  CF  THOSE  OFIRATIOHiR 


IE  OESCRISE  THE  MINIMUM  CNNICAL  QUA  /IGATIONS  INCLUOINQ  TRAINING  AND  EXPERIENCE  THAT  WILL  REQUIRED  O'  AP* 
PLICANT'S  SUPERVISORY  l-CRSONNSL  INCLUOINQ  PERSON  RSSPONSISLE  PON  RADIATION  SAFETY  PROS  RAM  (OR  OF  APPtJCANT  IF 
AFPWCANT  IS  AN  INDIVIDUAL). 


I  Mg>4g.J2Rl 


I.  FRQOUC»«eY.  AND  STi 


iNOSTAMJMJEM 


UStt  IN  CAUQRATINQ  INSTRUMENTS  USTEO  IN 
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v«wticAtiow  «otiiWn«WT  nwBiSiriUiXW  >i«CD  m  orawATiow  hkmicU  pw6oo^  Silrr,  iHiMKd,  mtlfk  iSSd^Wo^ 


pWCwiiBWIOrOWp'pWOCTDUWOTOFWOrTBCTMKAl.TM  AHOMIWIMIM  OOWOPt  TO  Liy«  AWO  PWOegWTV  AWO  MUVrm.  IHOm  MjcT 
eSDUMaTOTHCOMfMTIONSUfrrCOINITEMtllNCUKICi  — 

(a)  rwocrouwCT  »ioii  um  op  nucumr  matciiiaci  ano  aAPSTv  pcATums  ano  procooumb  to  Avote  tpumimi  tAn  Aocioarrs, 
•UeMMPm«.IKPi«MaN.n<C,INMUnOMAmiAI.«rOMAMANOPIIOCnwNOAIItAa. 


jiatoMwev  piibcoburbi  iti  tm4  avaUr  o#  Acoio«Mt‘»  which  mwmt  im»olv«  ■ourco  MATAwiAiT* 


iit  o^AiiiDDibciiiprKMapNAaiA^iaNOimyovpnoaiiAM  AMen«acsoui«a£~ 


ll>  WASTE  PRODUCTS:  //  fien*  will  h»  gtiurttad,  tlat»  “Noiwf’  oppo*it»  (a),  b»low.  It  wa»t»  producta  t.lU  ha  ganar- 
atad,  ehaek  hara  □  and  aaplain  on  a  aapplamanlal  ahaat: 

(a)  Quantity  and  type  of  radioactive  waste  that  will  be  generated. 

(h)  Detailed  procedures  for  araste  disposal. 


o 


lA  IP  PRODUCTS  FOR  DISTRIBUTION  TO  THS  OBNERAL  PUBLIC  UNDER  AN  EXEMPTION  CONTAINED  IN 
le  CPR  40  ARE  TO  BE  MANUFACTURED,  USE  A  SUPPLEMENTAL  SHEET  TO  FURNISH  A  DETAILED 
DESCRIPTION  OF  THE  PRODUCT,  INCLUOINOi 

(a)  PERCENT  SOURCE  MATERIAL  IN  THE  PRODUCT  AND  ITS  LOCATION  IN  THE  PRODUCT.- 
<*)  PHYSICAL  DESCRIPTION  OF  THE  PRODUCT  INCLUDINO  CHARACTERISTICS,  IF  ANY,  THAT  WILL 
prevent  INHALATION  OR  INOESTION  OF  SOURCE  MATERIAL  THAT  MIOHT  BE  SEPARATED 
FROM  THE  PRODUCT. 

(a)  BETA  AND  BETA  PLUS  OAMMA  RADIATION  LEVELS  KSpaeUy  Inttrumant  uaad,  data  at  eaUhtation  and 
oalihratlon  laohniqua  naad)  AT  THE  SURFACE  OF  THE  PRODUCT  AND  AT  11  INCHES. 

(d)  METHOD  OF  ASSURING  THAT  SOURCE  MATERIAL  CANNOT  BE  DISASSOCIATED  FROM  THE  MAN¬ 
UFACTURED  PRODUCT. 


CERTIFICATE 

(Thia  Itam  oiaa,  ha  oompUlad  ty  appUaant) 

>1.  Thp  mppUomnt,  and  arty  oBicuaf  oxocutini  ttUa  oerff/Ioafe  on  bohmlto/  tho  appZicanf  namnil  in  Itom'l, 
cortify  thdt  thia  mppiiqptktn  fa  preparacT  in  con/ormity  with  Titim  iO,  Coda  oi  Fodotmi  Rotuimtiona, 
Farf  40,  and  thaf  mti  /nf.-'oiaffM  tontminmd  Aarafn,  inciuding  arty  auppiamanta hitmohad  harato,  ia 
tnta  anrf  eorraef  to  tha  1  .wf  of  our  Anowfadde  andhefre/. 


(aaallmmM  ammwd  im  iHm  n 


DatMi. 


BY; 


{TMm  al  awlH^laa  dhatd  matkwlmm4  taa,!  aataOmd  at  Hw  maalhaal) 


WAENlNOl  >1 DJLC.  SuMsa  liSIi  astsSJaaslS,  1*4S|  tSSULTSSt  aukastts  tHalaal  •Eaaa*  la  Mska  s  vUlfsllT  rsisasUla- 

aar  iaaartmaal  at  asaasr  at  tba  CiUad  Slalaa  as  la  sir  nalSw  vttSla  ks  JaiWkdaa. 


o 


o 
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UNITED  STATES 
ATOMIC  ENERGY  COMMISSION 


INSTRUaiONS  FOR  PREPARATION  OF 
APPUCATION  FOR  BYPRODUQ  MATERIAL  UCENSE 
FORM  AEC-313  and  313a 


GENERAL  INFORMATION 


An  nppUcnnt  for  •  “Bypiodtiet  Motoriol  (lUdMiotapM) 
Lkcmc’*  ithooM  eonploto  Fom  ABC-tll  in  doUIL  TtM  nppU* 
cant  ikoaU  ondtaror  to  cortr  kta  cntiro  radioiaotop*  prorram 
with  on*  application,  If  poaaibit.  Howrror,  ocparato  applica- 
tioni  chooU  be  mbniitUd  for  Mdlcal- UkthOk’apjr  and  gamma 
irradiaton.  SnpptcnMnUI  ahaata  map  bo  appenM  whan  noo- 
aiaary  to  prorida  complata  failonaation.  Itam  it  awet  ba 
campiciad  an  aU  nppUantiatta.  Snbaiicaian  #/  nn  buaMpteta 
appUeatian  wiK  a/Un  raanft  ten  diiap  fnfaanaaaa  a/ (Ac  iwcaM 
baaaaca  a/  iba  aarraapondanaa  naaiaanrp  fa  abCate  te/aramfean 
ragnartad  an  fba  pppMaaHa^ 

Nor,— Whan  tba  appikatian  indndaa  ana  of  tba  apacial  naaa 
Ualad  balow,  tba  nppUeant  ahanU  faqnaat  tba  apprapriati 
pMfbM  trliWi  mtHM  aMItliiibl  taatnatiaMi 

1  lidutrltl  laMoBNvIir-AUMMtaiB  loqnlf lU  tm 

IndaaWal  ladiotrn^}'* 


t  Talatharapy— "Ueanaiag  Baqaliamanta  for  TalaUiar, 
apy  Proenmai” 

•  Broad  Licanaa  (naaareh  and  daralopinaat)— ‘^eaaa> 
ing  Baqaiiamanta  for  Broad  Uaanaaa  for  Haaanrch  and 
DaaalopnMnt;'*  and 

4  Brood  Ueanaa  (medical  naaa)— Tiaanaiag  Baqniio- 
maate  for  Brand  Medical  Uaa.» 

Tit  Am  ABCSISa  dtmU  k  nmphud  m  Ain/  md  Dim  a 
raaate  i>  amdr  fit  a  danan  aw  af  radtewi^i.  .  Thrac  oopica  of  Ike 
Gomplcicd  Form  AEC>3I9  and  }l3a  (if  a  medical  applicalioa) 
ibouM  ba  Mni  to  iht  iMopai  Inneh.  ONWoo  of  UniNinf 
aM  Reiulalioo,  U.I.  ABO,  Wuhin|ioii,  D.O..  10541.  Om 
oopy  ebauM  be  itiained  br  the  appU^l'c  ik 


EXPLANATION  OP  FORM  AEC-313 

la  daairad,  a  aaporata  poaacaaion  limit  abonld  ba  cUtad 


1  (a)  Tba  "applicaat”  la  tba  ocganiiatioa  or  panon 
kgally  raaponaibla  for  poaieaalan  and  naa  of  the  by- 
piodnet  material  apaelM  in  the  application. 

(d)  Indicate  other  addraaa(aa)  at  which  byprodoct 
material  will  be  naad  It  different  fnaa  that  llatad  in 
l(o).  A  poet  efbea  boa  nnmber  la  not  aaoeptablo; 

I  The  "dapartmant*  la  the  department  or  aimilar  aab> 
diviaioa  wbera  the  byprodnet  matarial  will  ba  naad. 

S  SalfmipUnatory. 

4  The  "iadirMnal  near”  la  tba  paineo  aaperioncad  in  ua 
and  aafa  haadling  of  radioiaolepea.  //  tea  appiMoCian 
ta  far  “dawan  naa,”  <ha  fadiefdnaf  ntar  mnat  da  a  pdy 
aMaa  branaad  dp  a  Stale  ar  Tarrflarv  a/  Ida  (/Mlad 

Sialea  la  diapanaa  dmpa  te  Ida  praatiaa  a/  madiatea 
md  daea  aafanateo  mpcrianac  /ar  aaak  prapiiad 
ctmiaai  naa. 

f  Balfmiplaaatery. 

•  (a)  Liat  by  name  each  redliiiaadapa  daairad,  anch  aa 
"Cnrbaa  14,* ‘XabaR  M,"  ala. 

(d)  Idat  ibemlaal  nnd/ec  phyManl  term  tor  aaad  radio- 
laalape  and  tba  tnaatity  af  aaad  wbkh  the  appiianat 
daaina  to  paaaaaa  at  any  ana  tiaaa.  If  amra  than  ana 
teaedei^  ar  pbyelRl  fcwi  of  a  pniManing  radlelaiiani 


tor  each  term.  For  example,  an  applicant  dcairing  to 
naa  two  rhcnilcal  fonaa  of  lodina  111  mnat  apacify  both 
forma  and  B  poaaaaaioa  limit  for  eacA  farm.  Exampla: 

Iodine  111  Iodide  10  millienrica 

lodiM  111  lodinatad  Hnamn  1  milUcnria 

Sarnm  Albnakn 

Xryptaoll  Caa  1000  miUknriea 

If  the  bypradnet  material  ia  to  ba  obtained  aa  a  aealed 
aoBraa(a),  apacify  the  mannfaannr,  modal  number, 
and  amount  of  activity  ia  aaad  aealed  aanraa.  Exampla: 

GebnittO  I  Booled  Benreaa,  100  me  WO  aeUlicnrim 

each  (Jao  Carp.  Modal 

r-M) 

T  State  the  dm  of  each  byproduct  material  and  chemical 
form  apacidad  in  Itam  Ka)  and  (d).  If  the  radioioo- 
lopo  la  for  ’'human  naa,*  da  nal  •nnpiats  tkia  item;  aam- 
piala  Farm  AffC-flPa,  Snppitwtaat  A— dfnmsa  Vt*. 

H  Them  itaaaa  mnat  ba  auanvlated  far  aaad  individual 
nomad  ia  Item  4.  It  man  than  ana  ladividBal  ia  liated 

ia  Itam  4,  daoriy  bay  tba  noma  et  aaab  individaal  to  bia 

aarncionaai 

10^1  Balt-aaplaantery. 
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Health  Physics- 
Process  Control 


SECTION  300  -  DECONTAMINATION 


The  fundamental  purposes  of  protective  measures  in  the  handling  of 
radioisotopes  are  as  follows: 

(1)  To  prevent  ingestion,  inhalation,  interstitial,  or  other  types 
of  absorption  into  the  body. 

(2)  To  reduce  the  amounts  of  external  radiation  to  tolerable  levels. 
The  first  requirement  is  fulfilled  by  good  housekeeping  and  woric  habits, 

and  by  operation  in  a  laboratory  properly  equipped  for  the  hr  idling  of  iso¬ 
topes,  including  protective  covering,  manipulative  devices,  suitable  venti¬ 
lation,  and  waste  disposal  facilities.  The  second  requirement,  maintenance 
of  satisfactory  levels  of  external  radiatioivis  covered  in  the  following  Section. 
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Health  Physics- 
Process  Control 


METHOD  311 
SURVEYS 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  surveys  which  will 
be  taken  during  decontamination  operations. 

2.  SAMPLE. 

Contaminated  areas,  tools,  and  equipment. 

3.  APPARATUS. 

Smears;  1"  or  2"  diameter  filter  paper. 

Portable,  radiological  survey  instruments;  beta,  gamma 
(high  and  low  level),  and  alpha  instrument  (  if  needed  ). 

S 

Portable,  air  sampler. 

Protective  clothing  as  specified  in  Method  821. 

Protective  Respiratory  Equipment  as  specified  in  Methods 
831  thru  836. 

Personnel  Monitoring  equipment  as  specified  in  Method  111 
and  in  Methods  141  thru  143. 

4.  PROCEDURES. 

4.1  All  personnel  performing  surveys  or  working  on  contaminated 
components  shall  wear  protective  clothing  and  protective 

respiratory  equipment  as  specified  in  Method  821  and  in  Methods  331 
thru  836. 

4.2  All  personnel  surveying  or  working  on  contaminated  com- 
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ponents  shall  wear  personnel  monitoring  equipment  as 
specified  in  Method  111  and  Methods  141  thru  143. 

4.3  Perform  radiological  surveys  on  all  areas,  components, 

and  equipment  prior  to  decontamination,  using  techniques  as 
outlined  in  Methods  511  thru  515  in  order  to  evaluate  hazards  and 
permit  initiation  of  the  precautionary  measur  s  required. 

NOTE 

When  health  physics  surveys  are  being 
made,  a  determined  effort  shall  be  made 
to  reach  hard-to-get-at  surfaces  of 
valves,  pipes,  and  other  components. 

4.4  Perform  additional,  radiological  surveys  during  the  decon¬ 
tamination  work  to  determine  the  effectiveness  of  the 

operation  as  well  as  to  re-evaluate  the  hazards  and  precautionary 
measures  required. 

4.5  Keep  radiological  survey  records  of  external  radiation  and 
loose,  surface  contamination  prior  tu  and  after  the  decon¬ 
tamination  operation  to  determine  the  effectiveness  of  the  decontan.- 
ination  process. 

4.6  Perform  radiological  surveys  on  the  decontamination  area 
and  the  cleaning  equipment  itself  after  the  decontamination 

process  has  been  completed. 
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5.  RESULTS  AND  COMPOTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies  ContSBinatlea  llmltB  for  all 
areas,  tools,  and  equipment  for:  (a)  release  of  tools  and  equip¬ 
ment  to  a  clean  area,  (b)  conditional  release  to  a  controlled 
area,  (c)  contaminated  equipment  and  tools  to  be  held  for  decay 
and  cleared,  (d)  area  specification  for  clean  areas  and  surface 
contamination  areas,  and  (e)  protective  clothing  and  protective 
respiratory  equipment. 
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METHOD  312 


PRELIMINARY  WASHDOWN 


Health  Physics- 
Process  Control 


1.  SCOPE, 

The  purpose  of  this  method  is  to  describe  the  procedures  used 
to  prewash  tools  and  equipment  prior  to  any  type  of  decontamination, 

2.  SAMPLE. 

Tools  or  equipment  to  be  decontaminated. 

3.  APPARATUS. 

A  decontamination  room  or  area  which  can  be  segregated 
from  other  areas. 

Benches  covered  with  stainless  steel  or  plastic,  on  which 
the  contaminated  equipment  can  be  dismantled,  cleaned,  and 
assembled. 

3.3  Sinks  equipped  with  radiation  fimic  hoods  in  which  contamin¬ 
ated  equipment  may  be  soaked,  swabbed,  and  scrubbed. 

3.4  Protective  clothing  and  equipment  as  specified  in  Method 
821  and  Methods  831  thru  836. 

3.5  Plant  water  supply  is  adequate  for  secondary  system  and 
tool  decontamination. 

3.6  Demineralized  water  is  required  for  all  wash  and  rinse 
solution  used  for  primary  reactor  plant  component  decontami¬ 
nation.  The  quality  shall  be  as  follows:  Distilled  or  deionized 
water  of  not  more  than  10  ppm  total  solids  with  a  chloride  content 
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not  greater  than  1  ppm  and  a  resistivity  of  not  less  Chan  50,000 
ohm- cm. 

3.7  Detergent  solution.  This  solution  may  be  employed  for  the 
preliminary  washdown  of  a  coa^onent  to  remove  loose 

contamination.  The  solution  shall  consist  of  0.1  to  1*0  ounce  of 
nonionic  detergent  per  gallon  of  water.  It  should  be  used  at  a 
temperature  in  the  preferred  range  of  iS0*F  to  180*F. 

3.8  Ethyl  alcohol  or  isopropyl  alcohol. 

3.9  Scrubbing  materials. 

3.9.1  Hand  brushes  or  motor-driven  brushes  made  with 
bristles  of  synthetic  fiber,  tampico  or  corrosion 

resisting  steel  wire  (size  0.0140  inch  or  finer). 

3.9.2  Lint-free  cloths,  synthetic  or  natural  sponges, 
corrosion  resistant  steel  wool  (grade  000  or  finer) . 

3.9.3  Abrasive  material  as  loose  particles  or  as  coating 
on  a  cloth  or  sponge.  Materials  shall  be  silica, 

alumina,  silicon  carbide,  pumice  or  lava  stone  of  150  mesh  or 
smaller  particle  size. 

4.  PROCEDURES. 

4.1  Immerse  the  component  to  be  decontaminated  in  a  tank  of 
water. 

4.2  If  the  component  was  received  enclosed  in  a  plastic  cover 
and  is  highly  contaminated.  If  possible,  remove  the  cover 

under  water,  and  dispose  of  cover  as  solid  radioactive  w/iste. 


o 


o 


o 
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4.3  Remove  component  and  let  excess  water  drain  back  into  tank. 

4.4  Disassemble  for  decontamination,  if  necessary. 

4.5  Survey  external  radiation,  using  Methods  511  and  512. 

4.6  Immerse  component  in  a  tank  containing  detergent  and  water. 
Mix  solution  in  accordance  with  3.7  above. 

4.7  Soak  10  minutes. 

4.8  Scrub  with  synthetic  fiber  and  tampico  brushes.  Cloths 
and  sponges  may  also  be  used.  No  other  abrasive  agents 

shall  be  used. 

4.9  Items  shal.  remain  immersed  in  this  solution  for  a  period 
of  up  to  two  hours  with  intermittent  scrubbing. 

4.10  Remove  items  from  solution  and  allow  excess  solution  to 
drain  off  for  several  minutes. 

4.11  Rinse  in  tank  of  water. 

4.12  Remove  item  from  rinse  tank  and  permit  excess  water  to 
drain  for  several  minutes. 

4.13  Dry  each  item  using  clean,  unused,  lint-free  cloths. 

4.14  If  tools  and  components  are  not  from  the  primary  system, 
ordinary  tap  water  will  be  satisfactory  for  wash  and  rinse 

solutions. 

4.15  Survey,  and  if  further  decontamination  is  required,  use 
procedures  outlined  in  Method  313. 


5.  RESULTS  AND  COMPUTATIONS. 


Health  Physics- 
Process  Control 


6.  TEST  METHOD  IMPLEMENTATION. 

The  idant  technical  manual  specifies  the  contamination  limits  for: 

(a)  release  of  tools  and  equipment  to  a  clean  area,  (b)  conditional  re¬ 
lease  of  tools  and  equipment  to  a  controlled  area,  (c)  contaminated  equipment 
and  tools  to  be  held  for  decay  and  cleared,  (d)  area  specification  for  clean 
areas  and  surface  contamination  areas,  and  (e)  protective  clothing  and  prot- 
ecfivc:  resplTlfory  equipment. 
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METHOD  313 


CHEMICAL  DECONTAMINATION  OF  OILf,  GREASY  COMPONENTS 


1.  SCOPE. 


The  purpose  of  this  method  is  to  describe  a  simple  method  of 
chemical  decontamination  of  oily  and  greasy  components. 

2.  SAMPLE. 


Tools  or  equipment  to  be  decontaminated. 

3.  APPARATUS. 

Apparatus  specified  in  Method  312,  Part  3. 

Trisodium  phosphate. 

4.  PROCEDURES. 

4.1  Prepare  the  required  solution  by  dissolving  1  pound  of 
trisodium  phosphate  per  gallon  of  water. 


At  this  concentration  trisodium  phosphate 
cannot  be  used  with  glass  because  it  etches 
and  clouds  the  glass  by  reacting  with  the 
silica  in  the  glass.  It  also  cannot  be 
used  with  aluminum  because  it  reacts  with 


the  aluminum. 


4.2  Immerse  the  oily  and  greasy  component  to  be  decontaminated 
in  a  tank  containing  the  solution  of  water  and  trisodium 
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phosphate  at  160'‘F. 

4.3  Scrub  the  component,  using  materials  listed  in  Method  312, 
Part  3.9, 

4.4  Remove  the  component  from  solution  and  allow  excess  solution 
to  drain  off  for  several  minutes 

4.5  Rinse  thoroughly  in  tank  of  water. 

4.6  Air  dry  or  wipe  thoroughly  with  rags. 

4.7  Moni\or  the  component  thoroughly,  using  techniques  specified 
in  Method')  511  and  512. 

5.  RESULTS  AND  COMPITTATIONS. 

Net  Applicable. 

6.  TEST  METHOD  IMPLEMENTh.TON. 

6.1  The  plan',  technical  manual  sT>eclfie8  when  the  desired  degree 
of  decontamination  has  been  achieved  or  that  cootlnuing  the 

treatment  is  ineffective. 

6.2  if  this  does  not  successfully  remove  oils  or  grease,  use 
Method  31 S. 


(') 

o 
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METHOD  314 

CITRIC  ACID  DISODIUM  ETHYLENE  DIAMINE  TETRA-ACETATE  (EDTA) 

1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  use  of  the  Citric 
Acid-Disodium  Ethylene  Diamine  Tetra-Acetate  (EDTA)  Process  for 
decontamination  of  primary  reactor  plant  components.  It  may  also 
be  used  for  tools  and  auxiliary  system  components. 

2.  SAMPLE. 

Tools  or  equipment  to  be  decontaminated. 

3.  APPARATUS. 

Same  as  that  specified  in  Method  312  and  in  addition: 
Disodium  EDTA. 

Citric  Acid. 

Sodium  Hydroxide 

NOTE 

All  chemicals  used  in  decontamination 
of  primary  components  shall  be  certi¬ 
fied  or  Reagent  grade. 

4.  PROCEDURES. 

4.1  If  the  monitoring  results  from  the  preliminary  washdown  are 
available,  monitoring  need  not  be  done  before  using  the 
Citric  Acid  Disodium  EDTA  method.  If  the  results  are  not  available. 
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monitor  the  component  thoroughly,  using  techniques  outlined  in 
Methods  511  and  512. 


4.2  Treatment  with  the  citric  acid-disodium  EDTA  solution  should 
precede  all  other  chemical  decontamination  operations  ex¬ 
cept  preliminary  washdown.  (See  Method  312.)  If  equipment  which 
requires  decontamination  is  oily  and  greasy,  steam  cleaning  should 
precede  chemical  cleaning.  (See  Method  318.) 

4.3  Mix  the  citric  acid-disodium  EDTA  solution  in  proportions 
and  conditions  indicated  in  the  following  table; 


Citric  Acid  -  Oisodium 
Disodium  EDTA 
Citric  Acid 
Nonionic  Detergent 
pH 

Soaking  Temperature 
Soaking  Time 


FDTA  Process 
1  oz/gal.  water 
1  oz/gal.  water 
0.1-1  oz/gal.  water 
3.0  -  4.5 
160*F  -  200*F 
2-4  hours 


4.4  Adjust  pH  of  only  the  initial  solution  with  sodium 
hydroxide. 

4.5  Soak  the  component  in  citric  acid-disodium  EDTA  solution 
for  approximately  two  to  four  hours. 

4.6  Scrub  intermittently  with  synthetic  fiber  aid  tampico 
brushes.  Cloths  and  sponges  may  also  be  used.  No  other 

abrasive  agents  shall  be  used. 
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4.7  Remove  item  from  solution  and  allow  excess  solution  to 
drain  off  for  several  minutes. 

4.8  Rinse  item  in  tank  of  water. 

4.9  Remove  item  from  rinse  tank  and  permit  excess  water  to 
drain  for  several  minutes.  Rinse  components  of  intricate 

geometry  with  alcohol. 

4.10  Dry  each  item  using  clean,  unused  lint-free  cloths. 

4.11  Monitor  the  dried  component  thoroughly,  using  techniques 
specified  in  Methods  511  and  512.  If  the  amount  of  contami¬ 
nation  which  was  on  the  component  has  been  reduced,  repeat  steps 

4.5  through  4.10.  If  the  amount  of  contamination  has  not.  been  re¬ 
duced,  use  other  techniques  specified  in  Methods 315  through  318. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies  when  the  desired  degree  of 
decontamination  has  been  achieved  or  that  continuing  the  treat¬ 
ment  is  ineffective. 
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METHOD  315 

ALKALINE  PERMANGANATE  PROCESS 


1.  SCOPE. 

The  purpose  of  this  method  Is  to  describe  the  use  of  the  Alkaline 
Permanganate  Process  for  decontamination  of  primary  reactor 
plant  components. 

2.  SAMPLE. 

Primary  reactor  plant  tools  or  equipment  to  be  decontaminated. 

3.  APPARATUS. 

Same  as  that  specified  in  Method  312,  and  in  addition; 
Disodium  EDTA,  Critic  Acid,  and  Sodium  Hydroxide. 

NOTE 

All  chemicals  used  in  decontamination 
or  primary  components  shall  be  certi¬ 
fied  or  Reagent  Grade. 

4.  PROCEDURES, 

4.1  The  Alkaline  Permcnganate  Process  aids  in  removing  or 
loosening  an  adherent  oxide  film  and  its  associated 

contamination.  It  shall  not  be  used  on  copper-base  alloys,  monel 
or  cn  nitrided  or  chrome-plated  surfaces. 

4.2  Treat  the  component  with  alkaline  permanganate  solution, 

an  acid  cleaning  solution  or  with  both  if  further  decontami- 
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nation  beyond  the  citric  acid  disodium  EDTA  process  is  necessary. 

4.3  Following  preliminary  washdown  and  treatment  by  the  citric 

acid-disodium  EDTA  process  (Methods  312  and  314  respectively) , 
soak  the  component  in  the  sodium  hydroxide-potassium  permanganate 
solution  in  the  proportions  and  conditions  indicated  by  the  following 
table: 


Alkaline  Permanganate  Process 


(a)  Sodium  hydroxide  -  potassium 


permanganate  solution: 


Sodium  hydroxide 
Potassium  permanganate 
Soaking  temperature 
Soaking  time 


13.5  oz/gal.  water 
4.0  oz/gal.  water 
215*F  to  225“F  . 

1  hour 


(b)  Ammonium  citrate  solution: 


Di ammonium  monohydrogen 
citrate 

Soaking  temperrture 
Soaking  time 


13.5  oz/gal.  water 
190*F  to  200*F 
1  hour 


4.4  Soak  the  component  in  sodium  hydroxide-potassium  permanga¬ 
nate  solution  for  one  hour. 

4.5  Rinse  the  component  with  deionized  water. 

4.6  Soak  the  component  in  the  ammonium  citrate  solution  for 
one  hour. 

4.7  Remove  item  from  solution  and  allow  excess  solution  to 
drain  off  for  several  minutes. 

4.8  Rinse  item  in  tank  of  deionized  water. 
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4.9  Remove  item  from  rinse  tank  and  permit  excess  water  to 
drain  for  several  minutes.  Rinse  components  of  intricate 

geometry  with  alcohol. 

4.10  Dry  eadt  item  using  clean,  unused,  lint-free  cloths. 

4.11  Monitor  the  dried  component  thoroughly,  using  techniques 
specified  in  Methods  511  and  512. 

4.12  Return  the  component  to  the  citric  acid-disodium  EDTA 
solution  if  treatment  with  the  alkaline  permanganate  pro¬ 
cess  does  not  result  in  sufficient  decontamination. 

4.13  Perform  additional  soaking  and  scrubbing  with  this  solution 
as  specified  in  Method  314. 

4.14  Monitor  diy  compoient.  If  the  contamination  has  been 
reduced,  repeat  citric  acid  disodium  EDTA  process.  If  the 

amount  of  contamination  has  not  been  reduced,  use  other  techniques 
specified  in  Methods  316  through  318. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manueil  specifies  when  the  desired  degree  of  de¬ 
contamination  has  been  achieved  or  that  continuing  the  treatment 
is  ineffective. 
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METHOD  316 

ULTRASONIC  DECONTAMINATION 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  use  of  an  ultra¬ 
sonic  cleaning  mit  for  decontamination  of  all  types  of  tools, 
equipment,  and  components. 

2.  SAMPLE. 

Tools  or  equipment  to  be  contaminated. 

3.  APPARATUS. 

Apparatus  specified  in  Methods  312  and  314. 

Ultrasonic  cleaning  equipment. 

4.  PROCEDURES. 

4.1  Ultrasonic  decontamination  shall  be  used  as  an  tiid  in 
chemical  decontamination  only  after  water,  detergent  so¬ 
lution,  or  the  citric  acid  -  disodium  EDTA  solution  are  used. 

NOTE 

Ultrasonic  decontamination  normally  does 
not  remove  radioactivity  embedded  in  adherent 
oxide  films.  It  is  effective  in  removing 
loose  particulate  contamination  that  may 
remain  after  a  component  has  been  treated 
with  the  alkaline  permanganate  process  or  an 
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acid  cleaning  process.  It  is  particularly 
adapted  to  decontaminating  small  components 
whidi  are  incompletely  disassembled  or 
which  have  inaccessible  recesses. 

4.2  Immerse  the  component  in  the  tank  containing  the  water, 
detergent,  or  other  decontaminating  liquid  and  apply  the 

ultrasonic  energy  for  a  minimum  of  IS  minutes. 

4.3  Rotate  the  component  within  the  tank  from  time  to  time  to 
expose  all  surfaces  to  the  ultrasonic  vibrations. 

4.4  Remove  item  from  solution  and  allow  excess  solution  to 
drain  off  for  several  minutes , 

4.5  Rinse  and  dry  the  component.  Dry  small  parts  by  rinsing 
with  alcohol  and  then  air  drying. 

4.6  Monitor  the  contamination  remaining  on  the  surface  of  the 
rinsed  and  dried  component. 

4.7  Repeat  the  ultrasonic  treatment,  if  required,  until  a  check 
of  the  residual  radioactivity  on  the  component  surface 

shows  that  the  desired  degree  of  decontamination  has  been  achieved, 

or  that  further  treatment  is  not  required. 

4.8  Drain  all  waste  water  from  the  ultrasonic  cleaning  operations 
to  the  radioactive  waste  tank. 

S.  RESULTS  AND  COMPirPATIONS. 

Not  Applicable. 
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6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies  when  the  desired  degree  of 
decontamination  has  been  adtieved  or  that  continuing  the  treat¬ 
ment  is  ineffective. 
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^CTHOD  317 


MECHANICAL  DECONTAMINATION 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  use  of  mechanical 
means  of  decontamination  for  contaminated  eqiiipment. 

2.  SAMPLE. 

Tools  or  equipment  to  be  decontaminated. 

3.  APPARATUS. 

Same  as  that  specified  in  Method  312,  and: 

Medianical  lathe. 

Grinder,  bench  and  portable. 

Files. 

Vacuum  cleaner  with  filter  approved  99.9%  efficient  for 
0.2  micron  D.O.P.  particle,  attached  to  exhaust. 

4.  PROCEDUPPS, 

4.1  Mechanical  decontamination  is  the  removal  of  a  tight  oxide 
film  by  means  of  abrasion,  machining,  or  grinding.  Mechani¬ 
cal  decontamination  is  utilized  in  those  instances  where  chemical 
decontamination  proves  inadequate. 

4.2  When  mechanical  decontamination  is  being  perfonaed,  it 
should  be  done  under  controlled  conditions  including  local 

ventilation  as  required  in  a  hot  shop  or  a  designated  area  and  under 
the  surveillance  of  a  health  physicist. 
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4.3  Provide  a  vacuum  cleaner  for  removing  loose  chips  and 
shavings . 

4.4  Remove  loose  surface  cf  ^  "mination  by  the  procedures  out¬ 
lined  in  Methods  314  and  31S  prior  to  undertaking  any 

mechanical  decontamination. 

4.5  Remove  metal  in  fine  cuts  or  increments  not  to  exceed 
existing  component  tolerances. 

4.6  Constantly  monitor  operations «  using  techniques  as  speci¬ 
fied  in  Methods  511  and  512  to  insure  that  a  minimum  amount 

of  surface  metal  is  removed  to  attain  the  desired  reduction  of 

radiation. 

4.7  Consider  surface  contour  and  physical  properties  of  the 
component  material  in  any  mechanical  decontamination. 

4.8  Monitor  woiic  areas  after  completion  of  mechanical  decontami¬ 
nation. 

4.9  If  ccmtamination  is  found,  decontaminate  the  area  using 
tediniques  as  specified  in  Methods  351  through  355. 

4.10  Limited  mechanical  decontamination  may  be  performed  by 
polishing  or  buffing  the  contaminated  component  with  an 

abrasive  material  of  Che  type  specified  in  Method  312,  paragraph  3.9. 

NOTE 

Do  not  apply  abrasive  materials  to  critical 
surface  finishes,  nitrited  surfaces,  bearing 
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surfaces ,  or  to  components , having 
crevices  or  such  geometry  that  com¬ 
ponent  surfaces  may  not  be  cleaned 
of  the  abrasives  by  flushing  with 
water. 


o 

o 

o 


4.11  After  using  limited  decontamination  methods,  use  Methods 

312,  314,  or  316  to  clean  away  the  loose  surface  contamination. 

4.12  Monitor  the  component  using  techniques  as  specified  in 
Methods  511  and  512.  If  noticeable  reduction  of  contami¬ 
nation  has  been  achieved,  continue  carefully  with  the  process.  If  no 
noticeable  decontaminatio!i  has  been  achieved,  hold  for  decay,  or 
obtain  permission  from  the  Nuclear  Power  Field  Office  to  use  other 
methods  of  mechanical  decontamination. 

5.  RESULTS  AND  COMPITTATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies  when  the  desired  degree  of 
decontamination  has  been  achieved  or  that  continuing  the  treat¬ 
ment  is  ineffectiv*!. 
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METHOD  318 
STEAM  CLEANING 

1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  use  of  steam 
cleaning  for  the  decontamination  of  contaminated  equipment. 

2.  SAMPLE. 

Tools  or  equipment  to  be  decontaminated. 

3.  APPARATUS. 

Apparatus  specified  in  Method  312,  paragraph  3,  and  in 
addition: 

Steam  cleaning  apparatif. 

4.  PROCEDURES. 

4.1  Steam  cleaning  is  an  excellent  method  for  the  removal  of 
loose  surface  contamination  from  equipment  or  components. 

When  oily  avd  greasy  equirment  cannot  be  decontaminated  by  Method 
313,  then  steam  cleaning  should  be  done  prior  to  chemical  cleaning. 

4.2  Steam  cleaning  shall  be  done  in  a  Decontturination  Area 
where  access  is  completely  controlled. 

4.3  The  following  rules  snail  be  observed  during  steam  clean¬ 
ing  operations: 

4.3.1  Allow  only  the  personnel  who  are  absolutely  necessary 
in  the  area,  namely  the  decontamination  crew  and 
health  physicist. 
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4.3.2  Before  starting,  adjust  the  steam  pressure  to 
eliminate  backs catter  and  attain  maximum  cleaning 

ability. 

4.3.3  Station  all  personnel  in  the  area  behind  the  nozzle 
while  the  cleaning  is  being  done. 

4.4  Post  and  isolate  the  area  where  the  cleaning  is  to  be  done 
to  prevent  spread  of  contamination  to  other  areas  and  to 

eliminate  the  possibility  of  personnel  entering  the  area  unexpectedly. 

4.5  Connect  the  steam  cleaning  nozzle  and  hose  either  directly 
to  a  steam  line  with  a  pressure  regulator  or  a  steam  clean¬ 
ing  unit  which  regulates  the  pressure  from  40  to  150  psi  and  mixes 

a  detergent  with  the  steam. 

4.6  Perform  the  steam  cleaning  either  in  a  large  tank  or  in 
large  flat  pans  in  order  to  collect  the  cleaning  solution 

and  confine  the  spread  of  contamination. 

4.7  Rinse  the  equipment  with  deio  .Ized  water  after  steam  clean¬ 
ing,  or  wash  with  a  detergent  solution  and  then  rinse  with 

water. 

4.8  Mix  the  detergent  solution  in  the  following  proportions: 

10  ounces  citric  acid 
1  ounce  detergent  (non -ionic) 

10  ounces  EDiA 
10  gallons  of  water 

4.9  After  rinsing,  allow  excess  water  to  drain  for  several 
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minutes . 

4.10  Air  dry  the  component  or  wipe  with  lint-free  cloths. 

4.11  Monitor  component  thoroughly,  using  techniques  specified  in 
Methods  511  and  512. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION 

The  plant  technical  manual  specifies  when  the  desired  degree  of 
decontamination  has  been  achieved  or  that  continuing  the  treat¬ 
ment  is  ineffective. 
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METfOD  321 

DECONTAMl NATION  OF  SKIN 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  procedures  used  to 
decontaminate  the  skin. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Decoitamination  sinks  connected  to  radioactive  waste  system. 
Showers  connected  to  radioactive  waste  system. 

Radiac  instrument  for  personnel  monitoring.  (Stationary 
monitor  or  portable  low  range  beta-gamma  and  alpha  survey 
instrument,  if  needed) . 

Laundry  hampers. 

Waterproof  containers. 

Absorbent  paper. 

Absorbent  cotton,  cotton-tipped  swabs,  gauze  pads. 

Protective  clothing  as  specified  in  Method  821  and  Methods 
831  thru  836. 

Fingernail  or  hand  brushes  and  tongue  blades. 

Water. 

Liquid  soap,  titanium  dioxide,  potassium  permanganate, 
sodium  acid  sulfite,  EDTA  (sodium  !‘alt). 
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Aqueous  preparations  for  decontamination: 

Commercial  detergent  (iO  percent) 

One  percent  citric  acid  solution. 

Chelating  agent  (one  percent  versene  solution)  with 
or  without  detergent. 

Waterless  detergents. 

Comiseal  and  connercial  p<Mirdered  detergent  in  equal 
parts  made  into  a  water  paste  and  used  without 
additional  water. 

Waterless  mechanic's  handcream  used  without  additional 
water. 

Homogenized  cream  of  8  percent  cazhoxy  methyl  cellu> 
lose,  3  percent  commercial  powdered  detergent,  1 
percent  versene  and  88  percent  distilled  water  used  without  additional 
water. 

Smears,  1"  or  2"  diameter. 

4.  PROCTDURES. 

4.1  All  personnel  working  within  the  installation  shall  be 
instructed  to  notify  health  physicists  immediately  if  they 

become  conteminated.  They  shall  know  the  steps  in  personnel  decontami 
nation  in  case  health  physicists  cannot  be  readied.  The  steps  shall 
be  printed  on  cards  and  placed  in  a  conspicuous  location  in  the  areas 
set  aside  for  personnel  decontamination  areas. 

4.2  Monitor  the  skin  area  with  a  suitdile  survey  meter  if 


o 


() 


321-2 


1  July  1966 


Health  Physics- 
Process  Control 


immediately  available,  and  record  all  readings. 


NOTE 

If  a  survey  instrument  is  not  immediately 
available  and  a  person  is  s'jsp'^cted  of 
being  contaminated,  do  not  delay.  Wash 
immediately! 


0 

o 


4.3  One  or  two  inch  filter  paper  smears  may  be  used  in  place  of 

t 

the  monitoring  instrument.  Exercise  care  when  taking  I 
smears,  being  careful  not  to  bear  down  on  the  skin  and  thus  push  the 
contamination  into  the  skin. 

4.4  Count  the  smears  on  the  appropriate  counting  systems  in 
accordance  with  Method  631.1. 

4.5  Use  cotton-tipped  swabs  for  detection  of  activity  in  nostrils, 
ear  canals,  mouth  and  other  orifices.  Exercise  care  as  in 

4.3. 

4.6  If  possible,  v ner  clean  areas  of  the  skin  to  prevent  the 
spread  of  radioactive  materials. 

4.7  Procedures  for  washing  contaminated  body  surfaces  shall  be 
carried  out  ;.n  the  areas  designated,  using  the  showers  and 

sinks  provided  for  personnel  decontamination. 

4.8  Washing  with  vater  alone,  or  even  scrubbing,  usually  has 
been  found  to  moderately  effective  in  removing 

contaminatiCTi.  Organic  solvents  should  not  be  used  as  they  may 
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increase  skin  penetration  by  the  contaminant. 

4.9  Wash  thoroughly  for  2>3  minutes  by  the  clock.  Use  tepid 
(not  hot)  water  and  detergent  solution  (para.  3.12)  or  soap 

Cover  the  entire  contaminated  surface  with  a  good  lather. 

4.10  Rinse  off  coiq)letely  with  running  water.  This  process  may 
be  repeated,  but  not  to  exceed  four  times. 

4.11  Do  not  use  abrasive  or  highly  alkaline  soaps  or  powders. 

4.12  Monitor  the  skin  area  between  washes. 

4.13  If  the  above  procedure  does  not  remove  all  dirt  and  contami 
nation,  scrub  the  skin  for  a  period  of  8>10  minutes  by  the 

clock,  using  liquid  or  mild  low  alkaline  cake  soap,  hand  brush  and 
tepid  water. 

4.14  Exert  light  pressure  on  the  brush,  but  not  so  much  that  the 
bristles  are  bent  out  of  shape. 

4.15  There  shall  be  at  least  three  complete  dianges  of  soap  end 
water. 


NOTE 

In  most  instances  the  hands  become 
contaminated  more  often  than  the  rest 
of  the  body.  Techniques  4.8  through  4.15 
will  apply  to  all  skin  areas  including  the 
hands.  Tediniques  4.16  thr^u^  4.19  will 
apply  specifically  to  decontamination  of 

the  hands. 
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4.16  Cover  all  surfaces  with  a  nininnnn  of  four  brush  strokes 
us*ng  soap.  Start  by  scrubbing  one  thun^,  being  certain  to 

brush  all  surfaces,  and  then  proceed  to  the  web  space  between  the 

thumb  and  index  finger,  and  similarly  over  the  other  fingers. 

NOTE 

If  monitoring  pinpoints  only  one  small 
area,  concentrate  efforts  on  this  area. 

4.17  Scrub  the  palm  and  bscV  of  the  hand  next. 

4.18  Eadi  nail  and  cuticle  shall  be  similarly  scnd}bed.  Rinse 
the  hand  thoroughly  and  check  with  a  survey  meter. 

4.19  Apply  an  emollient  (softening)  cream. 

4.20  Where  water  is  limited  in  quantity,  the  waterless  detergents 
listed  in  3.13  may  be  used. 

4.21  After  application,  scrub  with  a  brush  and  it  move  detergent 
with  absorbent  cotton  or  soft  tissue. 

4.22  Whenever  there  is  alpha  contamination,  use  citric  acid  and 
chelating  agents  in  the  san»e  manner  as  the  procedure  for 

cleaning  with  a  detergent  s'l  .tion. 

4.23  Discard  the  ^rushes,  towels,  and  other  used  decontaminating 
materials  into  a  radioactive  waste  can  or  bag,  suitably 

labeled. 

5.  RESULTS  AND  COMPUTATIONS. 


Not  Applicable. 
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6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies  when  the  desired  degree  of 
decontamination  has  been  achieved  or  that  continuing  the 
treatment  is  ineffective.  The  degree  of  contamination  desired  for 
personnel  should  be  non-detectable  wherever  possible. 
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METHOD  322 


DECONTAMINATION  OF  EYES,  EARS,  NOSE,  AND  MOUTH 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  procedures  used 
to  decontaminate  eyes,  ears,  nose,  and  mouth. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Apparata'  ified  in  Method  321,  as  required. 

Water. 

4.  PROCEDURES. 

4.1  When  radioactive  materials  have  contaminated  the  eyes, 
flush  the  eyes  with  large  amounts  of  water. 

4.2  While  flushing  the  eye,  roll  back  the  eyelid  as  far  as 
possible,  in  order  to  flush  as  con^letely  as  possible. 


If  isotonic  irrigants  are  available,  obtain 
them  without  delay  and  administer  to  the 
eye  as  directed  under  competent  medical 
supervision.  An  isotonic  solution  is  one 
which  has  nearly  the  same  concentration 
of  inorganic  salts  as  do  the  body  fluids. 
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Recoimended  use:  Miere  dilute  saline 
solution  is  the  irrigant,  apply  to  tiie 
eye  continually  and  then  flush  with 
large  amounts  of  water. 


4.3  Do  not  use  eye  cups  I  Eye  cups  will  hold  the  contaminant 
and  re-i irrigate  the  eye  with  the  contaminants. 

4.4  Decontaminate  the  ears,  nose,  and  mouth  with  caution  by 
flushing  with  large  amounts  of  water  in  the  same  manner  as 

for  the  eyes. 

4.5  Monitor  the  ears,  nose,  and  mouth  and  other  orifices  in  the 
manner  specified  in  Method  321,  Parts  4.2  thru  4.5. 

4.6  Any  further  decontamination  shall  be  done  under  the  super¬ 
vision  of  coTiipetent  medical  personnel  with  guidance  of 

health  physics  personnel. 

5.  RESULTS  AND  COMPUTATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manuau  apeciflee  when  the  desired  degree  of 

decontamination  has  been  achieved  or  that  continuing  the  treat¬ 
ment  is  ineffective.  The  degree  of  contamination  for  personnel 
should  be  at  a  level  whidi  is  non-detectable  whenever  possible. 
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METHOD  323 

CHEMICAL  REMOVAL  OF  HARD  TO  REMOVE  CONTAMINANTS 

1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  use  of  chemicals 
in  the  removal  of  hard-to-remove  contaminants  from  personnel. 

2.  SAMPLE. 

Not  Applicable. 

3.  APPARATUS. 

Same  as  Method  321,  Part  3. 

4.  PROCEDURES. 

4.1  Decontamination  by  use  of  chemicals  shall  always  be  done 
under  the  surveillance  of  a  health  physicist.  The  procedures 

in  this  method  will  be  applicable  to  the  hands  and  other  parts  of 
the  body.  They  shall  not  be  used  from  the  neck  up  or  in  the  region 
of  the  gonads  or  anus. 

4.2  Monitor  contaminated  personnel  using  procedures  outlined  in 
Method  321,  Parts  4.2  thru  4.5. 

4.3  Titanium  dioxide  may  be  obtained  as  a  paste  or  powder  and 
shall  be  applied  as  outlined  below. 

4.4  The  paste  must  be  prepared  by  mixing  precipitated  titanium 
dioxide  in  a  very  thick  slurry  (never  permitted  to  dry)  with 

a  small  amount  of  lanolin. 

4.5  Mix  the  slurry  by  applying  water  to  the  paste  or  powder. 
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Spread  slurry  onto  contaminated  area. 

4.6  Run  tr^p  water  over  the  area  sparingly  so  that  the  paste  is 
kept  wet,  and  apply  this  lather  thoroughly  to  all  surfaces, 

for  at  least  two  minutes. 

4.7  Rinse  off  thoroughly  with  lukewarm  water  and  follow  with  a 
thorough  washing  with  soap  and  water  and  a  hand  brush.  If 

any  of  the  paste  is  left,  it  will  form  a  ratlier  hard  cake  which  is 
difficult  to  remove. 

4.8  Monitor  the  contaminated  skin  area  thoroughly,  using  tech¬ 
niques  specified  in  Methods  511  and  512. 

4.9  Where  the  titanium  dioxide  process  is  unsuccessful,  proceed 
as  follows: 

4.9.1  Prepare  a  saturated  solution  of  potassium  permanganate. 
Apply  the  solution  over  the  area,  rubbing  the  entire 
surface  and  using  a  hand  brush  for  not  more  than  two  minutes. 


o 

o 

0 


NOTE 

This  application  will  remove  a  layer  of 
skin  if  allowed  to  remain  in  contact  with 
the  hands  too  long;  consequently,  the  time 
stated  here  should  not  be  exceeded  for  any 
single  application. 

Be  sure  that  all  areas  are  thoroughly  covered.  Rinse  with  warm 
water  and  proceed  as  outlined  below. 
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4.9.2  Mix  a  fresh  5  percent  solution  of  sodium  acid  sulfite 
(NaHSO^).  Pour  the  solution  over  the  area,  rubbing 

the  entire  surface  and  using  a  hand  brush  and  tepid  water  for  not 
more  than  two  minutes.  Wash  with  soap  anu  water,  and  rinse  thoroughly. 

4.9.3  The  procedures  outlined  above  may  be  repeated  twice, 
provided  the  permanganate  solution  is  not  applied 

for  more  than  two  minutes  during  any  one  washing  and  no  damage  is 
done  to  the  skin. 

4.9.4  Application  may  be  facilitated  by  the  use  of  swabs 
steeped  in  the  solution. 

4.9.5  Apply  lanolin  or  handcream  after  washing. 

4.9.6  Monitor  after  each  washing  to  estimate  the  efficiency 
of  the  method. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technics  manual  specifiea  when  the  desired  degree  of 
decontamination  has  been  achieved  or  that  continuing  the  treat¬ 
ment  is  ineffective.  The  degree  of  contamination  desired  for 
personnel  should  be  non -detect able  whenever  possible. 
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METHOD  324 

DECONTAMINATION  OF  WOUNDS 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  simple  methods  of 
wound  decontamination. 

2.  SAMPLE. 

Not  Applicable. 

3.  APP/«ATUS. 

Same  as  Method  321,  Part  3. 

4.  PROCEDURES. 

4. 1  Radioactive  material  shall  not  be  handled  by  people  who 
have  wounds,  abrasions,  or  open  areas  of  the  skin  unless 

such  areas  can  be  completely  covered  with  a  non-absorbent  covering. 

4.2  All  decontamination  of  wounds  shall  be  done  under  the 
surveillance  of  trained  health  physicists. 

4.3  Wash  wound  with  copius  amounts  of  water  and  spread  edges  of 
wound  in  order  to  stimulate  bleeding  where  bleeding  is  not 

profuse. 

4.4  If  the  bleeding  is  profuse,  a  quick  cleaning  around  the 
edges  of  the  wound  will  be  sufficient.  In  this  instance, 

stopping  the  bleeding  is  the  first  and  foremost  concern. 

4.5  Get  medical  help  as  quickly  as  possible. 

4.6  Any  long  table  provides  an  excellent  area  for  such  work  for 
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patients  who  are  bleeding  p~ofusely.  Lay  the  patient  on 
the  table  to  aid  in  the  prevention  of  shock. 

4.7  Stop  the  bleeding  imediately  with  a  pressure  dressing  or 
a  tourniquet.  The  person  applying  a  tourniquet  oust  know 

the  precautions  to  be  observed.  Stopping  the  bleeding  in  this  case 
is  nore  important  than  decontaadnation. 

4.8  Khen  the  wound  is  closed  by  dressing  or  sutured  by  a  doctor, 
isolate  the  wound  and  decontasdnate  the  rest  of  the  body 

area  using  regular  techniques. 

4.9  Puncture  wounds  should  be  treated  by  a  competent  knowledge¬ 
able  ]rf)yslclan.  There  is  a  problem  not  only  with  radioactive 

contamination  but  also  with  tetanus. 

4.10  Monitor  the  wound  to  determine  the  amount  of  decontamination 
needed. 

4.11  If  possible,  survey  object  whidi  caused  injury  to  determine 
degree  of  contamination.  Injury  may  be  dried  by  blotting 

with  a  towel  which  may  be  saved  for  future  survey.  Record  wound 
and  towel  survey  results  as  necessary. 

4.12  If  medical  facilities  are  not  available  at  a  particular 
site,  prior  arrangeoients  should  be  made  with  one  or  nore 

local  hospitals  to  provide  emergency  care  when  needed. 

4.13  In  such  situations,  gross  decofitamination  by  removal  of 
clothing  shall  be  carried  out  at  the  accident  site  and  the 

Individual  given  necessary  first  aid. 


i24-2 


1  July 


-S'  ,‘c««iry»'' 


i 


O 

o 

o 


Health  P^alea- 
process  Control 

4.14  The  patient  shall  be  transported  to  the  hospital  wrapped 

in  a  sheet  and  blanket  and  definitive  decontamination  shall 
then  be  done  at  the  hospital. 

4.15  If  an  arrangement  is  made  with  a  hospital,  the  hospital 
must  have  a  thorougli  knowledge  of  decontamination  techniques 

and  waste  disposal  methods.  If  it  does  not,  a  health  physicist  must 
accompany  the  patient  to  the  hospital. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

6.1  The  plant  technical  manual  ppecifiea  when  the  desired  degree 
of  decamteminatlon  haa  been  achieved  or  that  continuing  the 

treatment  its  ineffective.  The  degree  of  contamination  desired  for 
personnel  should  be  non-deteetable  whenever  possible. 

6.2  For  severe  wounds  which  involve  radioactive  contamination, 
the  plant  technical  manual  should  state: 

6.2.1  The  procedures  to  be  used  in  taking  the  injured 
person  to  a  ailitaiy  hospital. 

6.2.2  The  procedures  to  be  used  in  taking  the  injured 
person  to  a  local  non-military  hospital  with  whidj 

prior  arrangements  have  been  made. 

6.2.3  The  procedures  to  be  used  in  case  the  patient  must 
bo  evacuated  to  a  military  or  non-military  hov.pital 

from  a  remote  plaat  site. 
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f€THOD  325 

LAIWDERING  OF  PROTECTIVE  CLOTHING 

1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  procedures  to  be 
uaed  in  laundering  the  various  types  of  protective  clothing. 

2.  SAMPLE. 

Contaminated  protective  clothing. 

3.  APPARATUS. 

Shoe  covers,  rubber,  plastic,  or  c’oth. 

Rubbers. 

Coveralls. 

Lab  coats. 

Head  covers. 

Hoods. 

Gloves,  rubber,  plastic,  and  cloth. 

Plastic  suits. 

Portable  survey  monitors  and  laundry  monitors. 

Washing  machine  (commercial} . 

Dryer  (coMercial) . 

Laundry  detergent. 

Laundry  hampers. 

Citric  acid. 
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4.  PROCEDURES. 

4.1  Personnel  doing  the  laundering  shall  wear  protective  clothing 
as  specified  in  Method  821  and  Methods  831  thru  SSg,  and 

shall  wear  personnel  monitoring  equipment  as  specified  in  Method  111 

and  Methods  141  thru  143. 

4.2  Monitor  all  protective  clothing  with  appropriate  instruments 

(a  low  level  beta-gaama  and  an  alpha  instrument,  if  necessary). 

4.3  Separate  rubber  shoe  covers,  rubber  gloves,  and  plastic 
items  from  outer  protective  clothing.  Washing  of  plastic 

and  rubber  gloves  and  shoe  covers  shall  be  done  as  specified  in  4.11 

below. 

4.4  If  laundry  has  been  previously  separated  and  bagged,  monitor 
the  bag  externally  and  tag  it  accordingly. 

4.5  If  all  protective  clothing,  uncontaminated  and  contaminated 
is  to  be  washed  in  the  same  madtine,  smear  survey  the 

washing  machine  and  dryer  before  starting  wash  cycle, 

4.6  Divide  protective  clothing  into  three  groups:  unconta^nated, 
slightly  contaminated,  and  grossly  contamina.;ed.  Follow 

the  same  procedure  for  plastics,  shoe  covers,  and  rubbers. 

4.7  Wash  the  clothes  four.d  to  be  clean  first.  Wash  the  clothes 
whidi  are  slightly  contaminated  next,  and  wash  the  highly 

contaminated  clothes  last. 

4.8  Wash  the  cmtaminated  clothing  in  the  washing  machine  using 
laundry  detergent.  Use  as  directed  by  manufacturer's 
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instructions. 

4.9  Upon  occasion  sone  clothing  My  be  grossly  contaainated. 
Washing  with  other  clothes  aay  grossly  contaminate  the  other 

clothes  and  the  washer.  Soak  the  hi^ly  contaainated  clothing 
separately  with  a  strong  detergent  in  a  sink  draining  to  radioactive 
waste.  If  this  does  not  xrduce  the  levels,  the  clothes  sho.u  <  he 
disposed  of  as  radioactive  waste. 

4.10  Occasionally  clothing  will  be  clean  except  for  one  spot, 
which  will  be  grossly  contaainated.  This  aay  be  cut  out 

and  patched  with  a  press  patch. 

4.11  Wash  plastic  and  rUbber  clothing  separately  in  lukewarm 
water  with  detergent. 

4.12  After  the  washing  cycle  is  co^)leted,  transfer  clothing  to 
the  dryer. 

4.13  Dry  clothing  for  approximately  40  to  60  minutes  or  longer, 
depending  on  the  arount  of  clothing  in  the  dryer. 

4.14  Do  not  dry  rubber  and  plastic  clothing  in  the  dryer  any 
longer  than  five  ainutes,  to  evaporate  the  water.  Extended 

drying  will  harden  the  plastic  and  ni>ber  and  aake  then  uncomfortable 
to  wear. 

4.15  Remove  clothing  from  dryer. 

4.16  Monitor  the  clothing  with  the  appropriate  instrument. 

The  contamination  levels  shall  not  exceed  the  recommended 

limits  specified  by  the  plant  technical  manual. 

325-3  1  July  1966 


Health  Physlcs- 
Pxocess  Control 


4.17  Repeat  the  washing  procedures  or  discard  the  items  if  the 
specified  limits  are  exceeded.  If  the  cycle  is  to  be  re¬ 
peated,  monitor  the  washing  machine.  If  eomtaminated,  it  should  be 
decontaminated  before  starting  another  cycle. 

4.18  If  necessaiy,  decontaminate  the  washer  with  the  washing 
detergent  used  for  the  regular  laundry.  Add  the  mixture  to 

the  washing  machine  and  run  the  cycle  through.  Repeat  several  times 
with  fresh  mixtures.  Monitor  after  each  cycle.  If  this  is  not 
successful,  the  washer  should  be  dismantled  if  possible  and  all  ex¬ 
posed  surfaces  decontaminated  individually  using  simple  washing 
tedhniques . 

4.19  Drain  all  wash  water  directly  from  the  washing  machine  to 
the  hold-up  or  waste  disposal  system,  where  it  will  be 

collected  as  liquid  radioactive  waste  and  treated  accordingly. 

4.20  Open  and  remove  lint  filter  in  both  washer  and  dryer  after 
laundering  eadt  batdi. 

4.21  Place  contaminated  lint  in  e  plastic  bag,  tag  with  the  pro¬ 
per  tag  and  send  to  the  waste  disposal  area  for  disposal 

as  solid  waste. 


4.22  Clothing  still  contaminated  after  washing  may  be  stored  for 
future  use  in  extremely  contaminated  areas,  in  which  case 

it  may  be  worn  over  other  protective  clothing.  Otherwise  it  must  be 
discarded  as  solid  radioactive  waste. 

4.23  After  the  clothes  have  been  washed,  monitored,  and  fouuid 
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to  be  within  acceptd)le  limits  for  washed  clothing,  they 
shall  be  stored  in  their  respective  shelves  or  bins  on  the  "clean" 
side  of  the  change  room. 

4.24  After  washing  contaminated  clothing,  the  washing  machine 
shall  be  thoroughly  monitored  and  decontaminated  as  in 

step  4.18,  if  necessary,  before  a  new  load  of  clothing  is  washed. 

4.25  Take  a  coa^lete  smear  and  instrument  survey  of  the  laundry 
area  at  the  coBf)letion  of  each  laundering  period.  If  neces¬ 
sary,  decontaminate  the  area  before  starting  another  period  in  order 
to  eliminate  the  spread  of  contamination  and  keep  the  contamination 
on  the  next  batch  of  laundry  from  increasing. 

5.  RESULTS  AND  COMPUTATIONS. 

Not  Applicable. 

6.  TEST  METHOD  IMPIJMENTATION 

6.1  The  contamination  liadts  for  the  laundry  procedures  will 
be  es  given  in  the  plant  technical  manual. 

6.2  Contaidnation  limits  will  include  pre-and-post  laundering 
smear  and  radiac  instnaaent  readings  for: 

6.2.1  Clean  laundry. 

6.2.2  Laundry  equipment. 

6.2.3  Laundry  slightly  and  grossly  contaminated. 

6.2.4  The  laundry  area. 

6.2.5  Clothing  which  is  not  completely  decMttaadnated  and 
is  to  be  worn  over  other  protective  clothing  for 
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6.3  Segregation  limits  for  contaminated  clothing  before  and 
after  washing. 

MOTE 

The  radiac  instrument  and  smear  readings 
will  include  both  alpha  and  beta  gamma 
readings,  as  necessary. 
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METHOD  331 

DECONTAMINATION  OF  PROTECTIVE  RESPIRATORY  EQUIPMENT 

1.  SCOPE. 

The  purpose  of  this  section  is  to  describe  the  method  for 
monitoring  and  decontaminating  protective  respiratory  equipment. 

2.  SAMPLE. 

Contaminated  protective  respiratory  equipment. 

3.  APPARATUS. 

Sane  as  that  specified  in  Method  331,  and  in  addition: 

Low  level  beta-gamma  monitor  and  alpha  monitor,  if  needed. 
Clean  laundry  sinks  with  supply  of  hot  and  cold  water. 
Sodium  hypochlorite  or  quaternary  anmoniun  compound. 

Clean  wash  cloths. 

Smears,  one  or  two  inch  diameter  filter  paper.. 

Clean  plastic  bags. 

Soapless  detergent. 

4.  PROCEDURES. 

4.1  Monitoring. 

4.1.1  Monitor  all  protective  respiratory  equipment  after 
each  use  in  a  contaminated  area,  using  techniques 

as  specified  in  Methods  511  and  512.  Monitor  with  a  low  level  beta- 
gamma  instrument  and  also  with  an  alpha  instrximent,  if  needed. 

4.1.2  When  monitoring,  pay  particular  attention  to  the 


o 
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filter  element  area  of  the  mask  or  respirator. 

4.1.3  Give  special  attention  to  air  cylinder  hoses  and 
valves  when  nonitoring  the  Scott  Air  Pak,  other 

self-contained  breathing  apparatus,  and  air-siq>plied  masks. 

4.1.4  Any  detectable  contamination  in  the  protective 
respiratory  equipment,  no  matter  how  small,  shall 

be  considered  grounds  for  decontamination. 

4.2  Place  contaminated  respirators  and  face  masks  in  a  plastic 
bag  or  plastic  container,  tag  and  send  to  the  laundry  area 

for  decontamination. 

4.3  If  found  to  be  clean,  disinfect  equipment  as  in  4.6.6  and 
store  clean  respirators  and  face  masks  in  a  clean  bag  or 

container  for  next  use. 

4.4  If  the  Scott  Air  Pak  is  contaminated,  it  should  be  care¬ 
fully  decontaminated,  and  when  clean,  recharged  and  stored 

ready  for  use. 

4.5  If  found  to  be  clean,  the  Scott  Air  Pak  need  not  be 
decontaminated  but  shall  be  disinfected  as  in  4.6.6,  re- 

dtarged,  if  below  1800  lbs,  and  then  repacked  ready  for  use. 

4.6  [)econtaminstion. 

4.6.1  Collect  contaminated  protective  respiratory  equip¬ 
ment  in  the  laundry  area. 

4.6.2  Dismantle  protective  respiratory  equipment.  Remove 
filters  from  filter  holder,  remove  straps  if 
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possible,  and  reaove  hoses  and  oj^gen  cylinders  as  required  fron 
Scott  Air  Paks  and  Stq>plied  Breathing  Masks. 

4.6.3  Many  types  of  filters  cannot  be  decontaainated  by 
washing.  Soae  filters  nay  be  cleaned  by  wiping  with 

a  da^p  rag.  If  in  doubt,  consult  manufacturer's  literature.  Contani- 
nated  filters  shall  be  disposed  of  as  solid  radioactive  waste. 

4.6.4  Wash  the  equipnent  in  hot  water  (120*P  -  130*F)  with 
a  soapless  detergent,  using  clean  deeontanination 

facilities.  Hie  washing  shall  be  sufficient  to  renove  all  greases, 
oil,  and  dirt  fron  the  surfaces. 

4.6.5  Rinse  the  equipnent  sufficiently,  after  washing,  to 
renove  wash  water  and  loosened  dirt. 

4.6.6  Disinfect  the  surfaces  of  the  face  piece  by  adding 
a  solution  of  sodium  hypochlorite  or  quaternary 

annoniun  cosqiound  to  the  last  rinse.  Add  approximately  50  milli¬ 
liters  of  solution  to  the  rinse  water. 

4.6.7  Air  dry  the  respirators  after  disinfection.  Inspect 
the  equipnent  for  medianical  and  physical  defects. 

Inspect  the  filters,  face  assemblies,  air  he*,  filteiholder,  head 
straps,  valves,  and  other  parts,  and  replace  damaged  or  unsatisfactory 
parts. 

4.6.8  After  reassembly,  respirators  shall  be  nonitored 
(as  specified  in  Methods  511  and  512),  and  if  clean, 

tagged  as  cleared  and  placed  in  clean  bags  or  containers  ready  for  use. 
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4.6.9  If  the  protective  respiwitory  equipoent  is  still 
contaninated,  repeat  the  procedures  outlined  above. 

4.6.10  If  continual  washing  does  n  i  reduce  the  contaadnation 
level,  disnantle  the  equipsent  and  discard  all 

contaninated  components  as  radioactive  waste. 

5.  RESULTS  AND  COMPUTATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLBfENTATION. 

The  contamination  levels  for  protective  respiratory  .equipment 
shall  be  established  by  the  plant  technical  manual.  However, 

^r  all  intents  and  purposes,  the  levels  for  all  parts  should  be  so 
low  as  to  be  non-detectahle. 
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(CTHOO  351 


OECGOTAMINATION  OP  FLOORS 


1.  SCOPE. 


The  purpose  of  this  nethod  is  to  describe  the  procedurM  used  to 
decontaainate  floors. 

•?.  SAMPLE. 

Floors  contaminated  with  radioactive  materials. 

3.  APPARATUS. 

Mops. 


Buckets  with  wringers. 

Water. 

Detergents  and  chelating  agent. 

Absorbent  paper. 

Vemiculite  or  sawdust. 

Squeegee. 

Rags  and  sponges. 

Radiation  rope. 

Signs  "Surface  Contamination  Area". 

Reftise  drums. 

Plastic  bags,  large. 

Step ladders. 

f 

Portable,  steam  cleaning  unit  (optional). 

Protective  respiratory  equipment  (see  Methods  SSL  thru  836). 
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Full  protective  clothing  (see  Method  821). 

Personnel  nonitoring  equipaent  (see  Method  111  and  Methods 
141  thru  143). 

Vactnan  cleaner  with  filter  approved  99.9%  efficient  for 
0.3  sdcron  dioctyl  phthalate  particle,  attadied  to  exhaust. 
4.  PROCEDURES. 

4.1  Monitor  areas  where  radioactive  Materials  are  handled  on  a 
definite  schedule,  using  the  techniques  specified  in 

Methods  Sll  and  512. 

4.2  Personnel  doing  nonitoring  and  decontanination  woji  shall 
wear  protective  equipment  as  specified  in  Method  821  and 

Methods  831  thru  836. 

4.3  Personnel  doing  monitoring  and  decontamination  work  shall 
wear  personnel  monitoring  equipment  as  specified  in 

Method  111  and  Pfothods  141  thru  143. 

4.4  Khen  a  floor  area  has  been  found  contaminated,  it  shall  be 
roped  off  and  decontaminated  as  quickly  as  possible. 

4.5  Wash  the  floor  thorou^ly  with  a  nop  and  a  detergent  and 
water.  Regular  commercial  detergents  for  floor  cleaning 

nay  be  used. 

4.6  Use  a  minlnum  amount  of  water  and  detergent,  to  minimize 
the  amount  of  liquid  waste  to  be  treated  and  to  do  the 

job  efficiently. 

4.7  Clean  floors  by  always  starting  from  the  outside  and 
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cleaning  toward  the  middle,  to  reduce  the  contaminated  area. 

4.8  After  a  thorough  washing,  rinse  the  floor  with  a  ninimioi 
amount  of  water.  Use  a  mop  and  clean  water.  The  water 

shall  be  constantly  dianged.  Rinsing  may  also  be  accomplished  by 

using  minimal  amounts  of  water  and  wet  vacuum  pickup. 

4.9  When  rinsing  and  drying  with  a  mop,  exercise  care  to  wipe 
in  one  direction  only,  to  pick  up  as  much  contamination  as 

possible  with  minimum  redistribution. 

4.10  Perform  a  thorough  smear  and  instrument  survey  after  wash¬ 
ing,  rinsing,  and  dzying  are  convicted.  Use  procedures 

specified  in  Methods  SIl  and  512. 

4.11  Rewash  the  floor  if  the  contamination  level  on  the  floor 
is  not  reduced,  using  a  complexing  agent  such  as  Disodivon 

EDTA  equivalent. 

4.12  Follow  the  same  tedtniques  as  in  the  steps  given  above  if 
rewashing  is  necessary. 

4.13  If  monitoring  indicates  that  washing  with  Disodium  ECTA 
.vtJ  with  a  detergent  solution  has  not  been  successful,  use 

other  techniques  specified  in  Methods  351  thru  355. 

4.14  Areas  where  radioactive  materials  are  handled  continually 
shall  be  on  a  definite  monitoring,  cleaning  and  maintenance 

schedule,  even  if  they  are  not  contaminated. 

4.15  Follow  the  same  general  techniques  4.1  through  4.14  for 
isolated  hot  spots  on  the  floor. 


o 
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4.16  Equipaent  such  as  mops,  buckets,  and  other  cleaning  natexials 
used  in  decontaoination  shall  be  maxiced  with  radiation  tape 
(magenta  and  yellow)  and  stored  in  an  area  properly  marked  with  a 
"Radioactive  Materials"  sign.  All  personnel  shall  be  aware  of  the 
storage  location  of  this  equipment  and  its  use,  to  prevent  its  use 
in  clean  areas. 

5.  RESULTS  AND  COMPITTATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMEMTATIWI. 

The  plant  technical  manual  specifies  the  allowable  Halts  for  sur¬ 
face  contsmlnatlon  on  floors,  walls,  and  ceilings. 
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>«THOD  352 

DECONTAMINATION  OF  WALLS  AND  CEILINGS 

1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  procedures  for 

decontaminating  walls  and  ceilings. 

2.  SAMPLE. 

Contaminated  walls  and  ceilings. 

3.  APPARATUS. 

Same  as  that  specified  in  Method  351,  Part  3. 

4.  PROCEDURES. 

4.1  Monitor  wall  area  and  ceiling  using  techniques  specified 
in  Methods  511  and  512. 

4.2  Personnel  doing  monitoring  and  decontamination  work  shall 
wear  protective  clothing  as  specified  in  Methods  821  and 

831  thru  836. 

4.3  Personnel  doing  monitoring  and  decontamination  work  shall 
wear  personnel  monitoring  equipment  as  specified  in  Method 

111  and  Methods  141  thru  143. 

4.4  Ordinarily,  ceilings  and  walls  will  be  decontaminated  only 
when  there  is  a  gross  contamination  problem  in  the  rest  of 

the  room. 

4.5  Dry  vacuum- clean  the  wall  and  ceiling  surface  if  possible 
before  starting  to  wash  it. 
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4.6  Stepladders  or  staging  must  set  firmly  on  the  floor  and 
must  be  of  sufficient  height  to  allow  the  decontamination 

crew  to  readi  the  ceiling  and  the  top  of  the  wall  easily. 

4.7  The  washing  equipment  shall  consist  of  two  pails,  one  with 
detergent  and  warm  water,  the  other  with  clean  warm  water 

and  sponges  or  rags. 

4.8  Start  the  cleaning  operations  in  the  middle  of  the  ceiling 
and  move  toward  the  walls.  Always  clean  walls  from  top  to 

bottom  and  after  the  ceiling  has  been  cleaned  (if  necessary). 

4.9  Place  a  sponge  in  the  detergent  and  water,  apply  it  to  the 
ceiling.  Rinse  sponge  in  the  clean  water  pail. 

4.10  Rinsing  and  drying  shall  be  done  by  a  second  individual 
with  a  large  supply  of  clean  rags,  a  plastic  bag,  and  a  pail 

of  clean  warm  water. 

4.11  Danpen  the  rag  and  wipe  in  one  direction  across  the  washed 
surface.  Fold  the  rag  so  that  a  clean  surface  is  exposed, 

and  wipe  in  the  same  direction  across  the  washed  surface. 

NOTE 

This  process  of  wiping  in  ore  direction 
and  then  folding  the  rag  shall  always  be 
followed.  This  wiping  tedinique  will 
pick  up  as  much  contamination  as  possible 
and  will  not  spread  it  around  the  wasned 
aima. 
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4.12  Place  expended  rags  in  the  plastic  bag  and  dispose  of  as 
solid  radioactive  waste. 

4.13  Use  wet  vacuun  pickup  if  appropriate  vacuum  cleaner  is 
available.  This  is  a  superior  method  of  pickup  to  hand 

pickip  because  of  its  speed  and  efficiency. 

4.14  Monitor  the  ceiling  and  walls  after  they  have  been  completely 
cleaned  according  to  procedures  as  specified  in  Methods  511 

and  512. 

4.15  Follow  steps  4.7  through  4.13  for  isolated  hot  spots. 

4.16  Decontaminate  any  remaining  contaminated  areas  by  following 

the  applicable  steps  outlined  above.  1 

4.17  Re-smear.  If  still  contaminated,  rcwash  or  go  to  other 
methods  specified  in  Methods  351  thru  355. 

5.  RESULTS  AND  COMPUTATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

The  plant  technical  manual  specifies  the  allowable  limits  for 

surface  contamination  on  floors,  walls,  and  ceilings. 
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METHOD  353 

STEAM  CLEANING  OF  FLOORS,  WALLS  AND  (TILINGS 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  process  of  steam 
cleaning  to  remove  contamination  from  floors,  walls  and  ceilings. 

2.  SAMPLE. 

Contaminated  floors,  walls,  ceilings  and  surfaces  of  equipment. 

3.  APPARATUS. 

Same  as  that  specified  in  Method  351,  Part  3. 

Steam  cleaning  unit. 

4.  PROCEDURES. 

4.1  Monitor  area  to  be  cleaned,  using  the  techniques  specified 
in  Methods  511  and  512. 

4.2  Personnel  doing  monitoring  and  decontamination  work  shall 
wear  protective  clothing  as  specified  in  Method  821  and 

Methods  831  thru  836. 

4.3  Personnel  doing  monitoring  and  decontamination  work  shall 
wear  personnel  monitoring  equipment  as  specified  in  Method 

111  and  Methods  141  thru  143. 

4.4  Steam  cleaning  shall  be  carried  out  only  in  rooms  adapted 
for  it,  that  is,  rooms  that  have  steam  lines  which  can  be 

used  for  cleaning  and  in  which  the  actual  building  material  will 
not  be  harmed  by  the  steam. 
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4.5  Seal  off  the  room  as  much  as  possible  waen  steam  cleaning 
a  room  to  prevent  the  contaaiination  fr^  escaping  into 

adjoining  areas. 

4.6  Steam  clean  only  under  the  guidance  of  personnel  experienced 
in  steam  cleaning  and  under  the  surveillance  of  a  health 

physicist. 

4.7  No  unnecessary  personnel  shall  be  present. 

4.8  Steam  clean  by  applying  steam  directly  to  the  area  from  a 
regular  steam  cleaning  apparatus,  or  from  a  commercial 

cleaning  unit  which  mixes  a  detergent  with  the  steam. 

4.9  After  steam  cleaning  the  surface,  wash  down  with  a  solution 
of  clear  water  or  detergent  and  water. 

4.10  Rinse  with  a  solution  of  clear  water. 

4.11  Dry  the  surfaces,  using  the  damp  rag  technique  as  specified 
in  Method  352,  or  by  means  of  the  wet  vacuum  pickup. 

4.12  Monitor  the  whole  area  after  all  surfaces  are  dried.  Usually 
a  second  steam  cleaning  will  not  be  necessary. 

4.13  Spot -wash  any  small  contaminated  areas  using  techniques 
as  specified  in  Method  352. 

4.14  Re-smear  the  remaining  areas  after  they  have  been  spot 
washed. 

4.15  Continue  with  this  technique  until  ail  contamination  has 
been  removed. 
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5.  RBSUIHIS  AND  CONPUTATICXIS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATI(». 

The  plant  technical  nanual  apeclflea  the  allowable  limits  for 
surface  caatamlnatlon  on  floors »  valla,  and  ceilings. 
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METHOD  354 

DECONTAMINATION  OF  SURFACES  OF  EQUIPMENT 


o 

o 

o 

o 


1.  SCOPE. 

The  purpose  of  this  nethod  is  to  describe  the  tediniques  used 
to  decontaminate  surfaces  of  equipment. 

2.  SAMPLE. 

Contaminated  surfaces  of  equipment. 

NOTE 

"Surfaces  of  Equipment"  in  this  section 
refers  to  equipnent  that  cannot  be  moved 
to  a  decontamination  area.  This  includes 
fume  hoods,  laboratory  benches,  sinks  and 
other  bulky,  hard-to-move  equipment. 


3.  APPARATUS. 

Same  as  that  specified  in  Method  351,  and  in  addition: 
Citric  acid  disodium  EDTA. 

Disodium  EDTA. 

Paint. 

Paint  brushes. 

Abrasive  paste  with  complexing  agent. 

Paint  removers. 

4.  PROCEDURES. 
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4.1  Personnel  doing  decontamination  and  monitoring  shall  wear 

prctective  clothing  and  equipment  as  specified  in  Method 

821  and  Methods  831  thru  836. 

4.2  Personnel  doing  decontamination  and  monitoring  shall  wear 
personnel  monitoring  equipment  as  specified  in  Method  111 

and  Methods  141  thru  143. 

4.3  Personnel  doing  monitoring  shall  use  techniques  specified 
in  Methods  511  and  512. 

4.4  Rope  off  contaminated  equipment  immediately  and  set  up  a 
designated  area  with  a  control  point  as  specified  in  Methods 

721  thru  722. 

4.5  Wash  surface  of  contaminated  equipment  with  a  detergent 
and  water.  This  should  be  accompanied  by  swabbing  or  light 

scrubbing.  Use  techniques  as  specified  in  Method  352. 

4.6  Monitor  the  surface  of  the  equipment.  If  contamination 
is  still  present  but  has  been  reduced  in  concentration, 

repeat  step  4.5  above. 

4.7  If  no  reduction  has  been  acconqslished,  wash  the  equipment 
in  citric  acid-disodium  EDTA.  Mix  the  citric  acid-EDTA 

as  specified  in  Method  313. 


NOTE 

Temperature  of  the  solution  should  be 
allowed  to  cool  to  120*F  or  until 
cleaning  personnel  can  place  their 
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hands  in  solution  without  burning  then. 

4.8  Monitor  the  surface  of  the  equipnent.  If  contanination  is 
still  present  but  has  been  reduced  in  concentration,  repeat 

steps  4.5  -  4,7. 

4.9  If  the  contamination  is  still  present,  swab  or  scrub  surface 
with  mild  abrasive  paste  containing  conplexing  agents. 

4.10  Keep  area  noist  and  do  not  allow  it  to  dry,  as  this  will 
prevent  dispersal  of  dust. 

4.11  Scrub  vigorously  for  short  periods  of  tine.  The  scrubbing 
may  damage  the  surface  slightly. 

4.12  Rinse  surface  with  a  minimal  amount  of  water. 

4.13  Wipe  dry  with  clothes  or  use  wet  vacuum  pickup. 

4.14  Moniv.or  the  s  jrface  of  equipment  using  tediniques  specified 
in  Methods  511  and  512. 

4.15  If  the  contamination  level  on  surface  is  reduced,  repeat 
4.9  through  4,14. 

4.16  If  the  surface  of  the  equipment  is  porous  non-metal,  and 
continual  washing  is  not  reducing  the  contanination,  the 

surface  of  the  equipment  may  have  to  be  removed.  This  technique  is 

specified  in  Method  355. 

4.17  If  low  level  contamination  is  present  and  cannot  be  removed, 
painting  the  surface  will  retain  the  contamination  and 

prevent  its  leadiing  out. 
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4.18  If  it  is  impossible  to  remove  contamination  from  a  painted 
surface  by  any  of  the  above  methods,  as  a  last  resort,  the 

paint  itself  can  be  removed.  Use  standard  paint  removers  or  strippers 
according  to  the  manufacturer's  instructions.  Some  of  these  paint 
strippers  are:  the  solvent  strippers  -  methylene  dichloride  type, 
cresols,  etc.;  and  the  Alkaline  strippers  -  caustic  soda  and 
modifications. 

4.19  Surfaces  which  are  slightly  damaged  or  removed  should  be 
renewed  immediately  to  prevent  future  contamination  from 

contaminating  the  damaged  surface  because  these  damaged  or  removed 
surfaces  are  difficult  to  decontaminate. 

5.  RESULTS  AND  COMPITTATIONS. 

Not  Applicable. 

6.  TEST  MET!»D  IMPLEMENTATION. 

The  plant  technical  manual  apecifiea  the  allowable  limits  for 
surface  contamination  on  floors,  vails,  and  ceilings. 
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METHOD  355 

DECOM'AMINATION  BY  MECHANICAL  REMOVAL 
OF  SURFACE  LAYER  OF  MATERIALS 


o 

o 


1.  SCOPE. 

The  purpose  of  this  method  is  to  describe  the  techniques  used 
in  decontamination  by  mechanical  removal  of  surface  layers  of 
material. 

2.  SAMPLE. 

Porous  surface  contaminated  with  radioactive  material. 

3.  APPARATUS. 

Same  as  that  specified  in  Method  351>  Part  3,  and  in  addition: 
Sander. 

Planer. 

Polyethylene  sheet. 

Cold  chisel  or  mechani  cal  chipper,  pneumatic  haniner, 
pneumatic  needle  gxin  oi'  rotary  hammer  chipper. 

4.  PROCEDURES. 

4.1  Personnel  doing  decontaiiination  and  monitoring  shall  wear 
protective  clothing  and  equipment  as  specified  in  Method 

821  and  Methods  831  thru  836. 

4.2  Personnel  doing  decontamination  and  monitorirg  shall  wear 
personnel  monitoring  equipment  as  specified  in  Method  111 


o 


and  Methods  141  thru  143. 
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4.3  Personnel  doing  monitoring  shall  use  tediniques  specified 
in  Section  SOO. 

4.4  Mechanical  removal  of  surface  layers  of  material  shall  be 
used  only  as  a  last  resort  after  all  other  treatment  fails, 

and  shall  be  used  only  if  economically  feasible  and  with  the  approval 
of  the  plant  Officer'In-Charge. 

4.5  All  decontamination  work  shall  be  done  under  the  surveillance 
of  a  trained  health  physicist  or  an  individual  of  the 

group  thoroughly  grounded  in  health  physics  monitoring  tediniques. 

4.6  Operations  of  this  type  must  be  conducted  so  as  to: 

4.6.1  Prevent  undue  spread  of  airborne  dust. 

4.6.2  Control  the  spread  of  the  removed  material. 

4.6.3  Prevent  contamination  of  the  exposed  clean  surface. 

4.6.4  Return  the  surface  to  its  original  conditions  as 
far  as  practicable. 

4.7  Set  up  a  designated  temporary  containment  area  (as  specified 
in  Methods  711  thru  716  and  721  thru  723)  around  the  area 

of  equipment  to  be  decontaminated. 

4.8  Set  up  vacuum  cleaner  with  filter  as  specified  in  Method  351. 

4.9  Removal  of  surface  layers  of  metal  shall  be  by  chipping, 
grinding,  mad'ining  and  heavy  abrasion.  The  techniques  to 

bo  followed  are  specified  in  Method  316. 

4.10  Wood. 

4.10.1  Wood  ?n  process  or  laboratory  areas  may  be  planed  or 
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sanded  to  expose  a  clean  surface. 

4.10.2  Planing  is  much  to  be  preferred.  Dust  must  be 

removed  continuously  during  the  sanding  operation  if 
an  aixbome  dust  hazard  is  to  be  avoided. 

4.11  Linoleum  and  Plastic  Tiles. 

4.11.1  Bench  and  floor  coverings  of  these  tyoes  should  be 
regularly  wax  polished.  The  wax  coating  protects 

the  surface  and  discourages  penetration  by  liquid  contaminants. 

4.11.2  Removal  of  the  wax  by  commercial  wax  removers  will 
often  affect  complete  decontamination. 

4.11.3  Highly  contaminated  sections  can  be  buffed  to  remove 
the  surface  layer  but  a  much  more  susceptible  sur« 

face  results.  It  is  usually  better  to  replace  the  affected  parts 
with  new  material. 

4.12  Concrete,  Brick,  and  Similar  Structural  Materials. 

4.12.1  Liquids  will  carry  contamination  by  capillary  action 
an  inch  or  more  into  the  untreated  surfaces  of  these 
materials.  The  surface  layers  must  be  chipped  off,  using  cold  chisels 
or  mechanical  chippers.  Pneumatic  hammers,  pneumatic  needle  guns, 
and  rotary  hammer- diippers  are  usually  employed.  Some  manufacturers 
of  such  equipment  supply  shrouds  which  may  be  used  in  conjunction 
with  the  modified  industrial  suction  cleaners  to  prevent  the  dispersal 
of  dust  and  chips.  Without  such  *;Iiroud5  the  working  area  should  be 
separated  from  its  surroundings  by  a  designated  temporary  containment 
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area  to  prevent  dust  and  chippings  from  being  widely  dispersed. 
Continuous  suction  cleaning  of  the  inside  of  the  enclosure  is 
necessary. 

4.13  Monitor  area  continually  during  surface  removal  to  be 
certain  that  the  absolute  minimum  surface  has  been  removed. 

4.14  Monitor  area  at  completion  of  work  to  be  certain  that  no 
particles  or  chips  are  left  loose  in  the  area. 

4.15  When  surfaces  which  may  he  exposed  to  contamination  are 
damaged,  they  should  be  repaired  as  quickly  as  possible  to 

hold  contamination  problems  to  a  minimum. 

5.  P.ESULTS  AND  COMPl/TATIONS . 

Not  Applicable. 

6.  TEST  METHOD  IMPLEMENTATION. 

'Ihe  plant  technical  manual  specifies  the  allowable  limits  for 
surface  contamination  on  floors,  vails  and  ceilings. 
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Part  1  presents  health  physics  procedures,  as  well  as  radiochemical  analyses  for 
health  physics  operations.  Contained  in  this  Section  are  standards  of  health' and 
safety  necessary  in  the  operation  of  nuclear  rectors,  including  personnel; 
monitoring  and  access  control,  radioactive  m^erials  control ‘and  waste  management, 
decontamination,  radiological  monitoring,  ^na  health  physics  and  radiochemistry  • 
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Primary,  Shield  Water,  and  Secondaly  Systems,  This  water  impurity  control 
prevents  equipment  corrosion,  thus  serving  to  prolong  the  life  of  the  equipment, 
insure  maximum  operating .efficiency,  and  reduce  maintenance  time. 
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